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Cormanders and staffs must engage in active and continuous planning
in order to make the most efficient use of available'men, materiel, and
facilities. The application of the network analysis system is one way to
Plan for the effective employment of resources. This management tool is
widely used in both industry and in military engineer peacetime operations.
However, Army theater of operations management doctrine does not expound
upon the use of the networking technique.

The objective of this thesis is to develop a doctrine for the use of
the network analysis system in operatidnal Planning by the field army
engineer. ‘Research is confined primarily to the examination of planning in
a limited or general war. A procedure is developed for the army engineer
to match his engineer resources with operational requirements and use
the networking technique to produce a plan that effectively outlines
and schedules an operation.

In the past eight years the military eand civilian industry have
developed network modeling as a new approach to planning, scheduling,
and controlling a project. Two pioneer approaches, themselves quite
similar, are the basis for most network techniqué variations-~-the Program
Evaluation and Review Technique (PERT), and the Critical Path Method
(CPM). Both concepts use the network modeling technique with certain
unique principles. The network analysis system is the name given to
network modeling by the U, S. Army Corps of Engineers. This technique
prescribes a method of graphically portraying conventional planning,
and permits the application of both PERT and CFM theory in detailed
planning. ?

The network analysis system consists of three basic aspects; which

are: :
1
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(1) The development of & model (also called a diagram) of the
proposed plan of work. The model consists of interconnected arrows and
circles. Arrows represent the tasks which must be accomplished in order
to complete a project. Circles represent events in time. The model
results from a logical analysis of the mission to be accomplished., A
Planner starts with a general concept and develops a sequenced group of
required tasks, each placed in a pattern to show its relationship with
the others.

(2) The evaluation end adjustment of the model to sequence the
tasks in a way that will provide some positive assurance of reaching
the desired objective within the limits of available resources.

(3) The use of the model to schedule and control the operation
it represents.

The U. S. Army Corps of Engineers has demonstrated that the network

analysis system is a very useful tool for planning eand scheduling contract

construction. Also, in a very limited way, at least, both Seventh and
Eighth Army engineers are using the technique to aid in planning engineer-
ing tasks.

As both a brigade commander and the staf?f engineer, the field army
engineer continuously engages in operational planning. Army doctrine
Prescribes a general sequence of six phases to guide the engineer in
planning. The methodology closely parallels the procedure for engineer
operational planning which is outlined in several field manuals.

Doctrinally, the Army sequence of planning fails to provide detailed
guldance to assist a planner inﬁdeveloping a method for planning project

execution. A gap 1n doctrine seems to exist between the procedure
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established for deciding upon a course of action and the next step where
complete plans are prepared. In generzsl, field manuals identify major

tasks to be accomplished on cormon engineer projects; however, the job

of integrating these tasks into a construction sequence and schedule is

left up to the planner.

A doctrine is proferred in the thesis which applies the network
enalysis system to expand that part of planning theory which deals with
the task of visualizing how a project will be completed. The system
Provides a means for developing a mission statement into a segquence and
outline schedule of a planned operation. The proposed doctrine prescribes
that a graphical model will be comstructed to represent the sequence in
which a project is to be executed. The model is also redrawn by
orienting it to a horizontal time-scale and adjusting task starting
times so as to provide either the least costly, in terms of resources,
or the least time consuming plan. A unit-loading diagram is appended
to the model to aid in project analysis.

The proposed doctrine integrates the network modeling technigue
with the six-step sequence for Army long-range planning. It can be a
useful tool to the army engineer when he plans combat service support
operations. In this regard, network modeling may be of limited value in
his planning if unit resources are absolutely fixed. However, this
limitation is minimized through the careful scrutiny of all sources of
labor.

The proposed doctrine can also be a useful tool in planning the
engineer combat support for =a méjor field army tactical operation.

With minor modification, the doctrine has convincing application when

-
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used to plan major engineer projects such as a deliberate river-
crossing operation.

The doctrine does not propose to stand alone as an all-encompassing
planning tool. Rather, it is meant to help the army engineer in draw-
ing in all the diverse aspects of his total planning effort. It helps
him to maintain a good perspective of the total engineer requirement.

t is recommended that the proposed non-computerized application

of the network analysis system be tested in the field. Testing will

likely stimulate increased interest in this planning tool and subsequently

lead to appropriately revised Army planning doctrine.
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PREFACE

The Department of Defense Programming System places significant
emphasis upon obtaining the greatest return for the "defense dollar"
in programming and employing men, materiel, and facilities. Commanders
and staffs are expected to engage in active and continuous participation
in the programming process. The use of the network analysis system is
one way to plan for the efficient use of resources. This management
tool is widely used in both industry and in military peacetime opera-
tions. However, details for its use have not been integrated into.Army
manuals which prescribe management doctrine for the theater of opera-
tions.

The purpose of this paper is to formulate a doctrine for the use
of the network analysis system in operational Planning by the field
army engineer.

The scope of the research is confined Primarily to the examination
of planning conducted by the army engineer in a limited or general
war. A procedure will be developed for the army engineer to match his
engineer resources with operational requirements and use network model-
ing to produce a plan that effectively outlines and schedules an
operation. The paper expounds upon the problems and intricacies of
Planning. It purposely omits a broad discussion of the use of network
modeling in controlling project execution. A thorough analysis of the
funetion of project control is Beyond the scope of this paper. In
addition, the network analysis system is analyzed in terms of its basic

non-computerized concept. The author acknowledges that the technique




has wide computerized application; however, such use is Presently too
sophisticated for the rfield army engineer's use in a theater of
operations.

The majority of source material is located in the holdings of
the U. S. Army Command and General Staff College Library Archives.
Technical material Pertaining to network modeling systems is located
in the general stacks of the library and in files retained by the

Depertment of Command.

iv
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INTRODUCTION

For many years now the military has strived to improve the quality
of its managerial capability at unit level. Service school curricula
continue to stress the need for developing leaders who are well grounded |
in their ability to solve problems and make sound decisions. For the
most part, the training programs are successful. In the 1965 Army the
military manager consistently demonstrates his ability to organize for
work and effectively accomplish an assigned mission.

The ma.n‘ager directs mission execution through the organization he
establishes to do the work. His control techniques will vary depending
upon the nature of the work. |

Special techniques are used to aid the manager in each step of the
management sequence. At unit level the commander and his staff habitually
use a variety of management tools in their work. The following examples
list some well known tools that are used to organize resources for work:

(1) The commander's format for the estimate of the situation,
vhich aids him in reaching sound and timely decisions.

(2) The operation officer's standard five-paragraph operations
~ order.

(3) The intelligence officer's format for recording his collection
Plan.

(4) The logistician's cha'rts of major items of controlled equipment.

(5) The maintenance officer's records of equipment status.

1
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In some way each tool aids the commander or his staff in gathering
facts, analyzing the situation, deciding wﬁat to do; and planning the
most effective use of évailable resources.

Some managers are more religious than others in their use of
Plenning tools. The fact remains that most Planners develop some system
or technique to help simplify their Jobs.

Often planners are troubled with the thought that perhaps an important
fact will be overlooked. On the other hand, the problem of too much infor-
mation may also cause some concern. Planners can be overwhelmed with
bits of information, problem areas, and a maze of subtasks that need to be
accomplished. The job of deciding what to do is often easy, but deciding
how to do it can be most difficult. If a planner becomes too discouraged
he may choose not to plan the job, but rather to "play-it-by-ear."

The problem of voluminous data faced the Planners of the Polaris
Eleet Ballistic Missile System in 1957.l The Navy assigned the planning
function to its Special Projects Office with instructions to use all
haste in the economic, efficient, and timely development of the Polaris.
By 1958 a statistical technique was developed to aid in Planning and
controlling the project. The technique was called PERT-Program Evaluation
and Review Techniq_ue.2

The fundamental concept of PERT involves the use of s graphical

model, or network, to portray a program plan., The technique portrays

lU. S., Department of the Navy, Special Projects Office, POLARIS
Management, Fleet Ballistic Missile Program (Washington: U. S. Govern-
ment Printing Office, February 1961), p. 2. '

2Ibid. } p. 12 L
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subtasks of a project in relation to recognizable points in time at which
the subtasks begin or end. The network provides a éonvenient graphical
description of the interactions and interdependencies of the subtasks.

In the Polaris program the PERT concept provided decision information
whereby management applied its resources to best accomplish the develop-
ment and production of the weapon system.

In the six years that followed the development of PERT approximately
fifty extensions evolved from the basic theory. Various agencies of the
U. S. Government as well as industry hé.ve developed acronyms of PERT.

Each applies the same basic technique~~network modeling.3

One variation of the network modeling technique is called CFM--
Critical Path Method. CPM has received wide utilization on construction
Projects. In 1963 it became the policy of the Army Chief of Engineers
to encourage the use of the networking technique in contract c:onst.'z'uc‘l::lt:'n.llL
Today the system is used extensively in projects sponsored by the Corps
of Engineers.

The applications of network modeling are far reaching. There is no
reason to doubt that the technique may have some application in the
theater of operations. Military fi€ld commanders are continuously engaged
in planning. The problem of integrating available resources to accomplish
an assigned mission requires the close attention of all leaders. Conse-
quently, steff officers are habitually engaged in Planning for future

operations.

3C. W. Borklund, "Is PERT All that Good?," Armed Forces Management,
Januury 1963, p. 11.

)"‘U. S., Department of the Ammy, Office, Chief of Engineers, "Admini-
stration, Network Analysis System,"” Regulation 1-1-11, 15 March 1963,
P. 1. '
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The field army engineer, as both a brigade commander and a special
staff officer, is vitally concerned with operational planning. It may
follow then that the general technique of network modeling has some
application in his wartime planning mission. This paper reflects the
research that has been done in an attempt to cultivate this theory. In
succeeding chapters these points will be developed:

(1) The network analysis system, non-computerized, is an effective
Planning tool that can be used in the field.

(2) In the theater of operations, the field army engineer engages
in extensive long-range planning.

(3) The army engineer is guided by an Army accepted sequence for
Planning.

(4) Military planning doctrine is weak with respect to the
Procedure that is established for transposing a decision of what has to
" be done into & procedure and scheduled plan of how the work will be
accomplished.

(5) Tne field army engineer can improve his techniques for opera-
tional planning by using the concept of network modeling.

Chapter I introduces the network analysis system and elucidates its
ability to help plan for the employment of resources in project execution.

Chapter IT offers some examples of recent military applications of
the network analysis system.

Chapter III delves into the functions of the field army engineer and
highlights his most active roles in World War II and in the Korean War.

Chapter IV analyzes the engineer's pla.nning function. Operational
‘ Planning is discussed as an extension of the general sequence of Army
Planning.
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A methodology is proposed for phasing the field army engineer's seguence
of operational planning. |

A doctrine is developed in Chapter V to outline the use of the
network anelysis system in operational planning by the field army‘engineer.
The proposed theory integrates the networking technique with the general
sequence of Army planning, es interpreted in Chepter IV. A hypothetical
plaﬁning problem is presented to clarify the doctrine.

The doctrine is tested in Chapter VI by'using the record of the
Ninth U, S. Army's crossing of the Rhine River in World Wer IT as a
situation vehicle.

The peper concludes with a critical reanalysis of the proposed

doctrine.




CHAPTER I

THE NZTWORK AVALYSIS 3YST:

General Concept

A nevw technique.-~Plennins and orgenizing for work is a never-ending

raragerent responsibility. In the rast several Cecaces rany techniques
heve been ceveloped to help ezse the task ¢* orcenizing for work, In
recent years the function of Plenning has been aided tremendously by
the inventicn of a new technique cermronly called networking., The
technique is being repidly developed and is called by many nemes., The
above chapter title represents the name given to netvorking by the U, S.
Arny Corps of Engineers.l

Today networking is‘widely accepted by industrial, scientific,and
governuental orgenizetions as a valuable tool for planning work.

This chapter introduces the networking concept and expounds on two
of its picneer approaches--the Program ZEvaluation and Review Technique
(PERT), and the Critical Path Method (CPM). Both approaches use the
basic network modeling technique, with certain unique principles that will
be developed later in this chapter, as a basis for Planning, scheduling,
and controlling work.

Definitions.~--The network analysis system is a method of graphically

portraying conventional Planning, It is an orderly way of Planning, and

13

1y, S., Department of the Army, Office of the Chief of Engineers,
"Administration, Network Analysis System," Regulation No. 1-1-11,
15 Merch 1963, p. 1. -

6
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generally compliments the military approaches to problém solving, the
estimate of the situation, the staff study, and the general sequence of
Planning. The system is a way to translate a broad concept of operations
into a detailed and integrated plan of action. It is a management tool
vhich emphasizes the. processes of coordinated action, schedules, and
control. It forces & manager to deal with the critical problem areas
before beginning actual work.2

The system consists of three basic aspects; which are:

(1) The development of a model (also called a diasgram) of the
proposed plan of work.

(2) The evaluation and adjustment of the diegram to provide a degree
of assurance that, if the plan is followed, there will be a minimm risk
in reaching the desired objective within the prescribed limits of avail-
able resources.

(3) The use of the model to control the operation it represents.3

A network model is a two-dimensional plan of the steps and sequences

to be followed in achieving the desired objectivg or goal. The network
model consists of three components--events, activities, and relationships.h

An event is a specified accomplishment in a plan. It is a milestone--
a clearly identifiable point in time to mark the start or completion of a

specific task. An event may be a point at which something is physically

SGebriel N, Stilian, et al, PERT, A New Management Planning and Con-
trol Technique (New York: ~American Management Association, Ine., 1962),
. 149.

3Ibid., p. 37. \

l"Booz, Allen and Hamilton, Inc., The ement lications of PERT
(New York: Booz, Allen and Hamilton, Imc., 1§2’, P. 5.
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accomplished, or where a decision must be made. There may be work
leading to an event, but the event itself requires no time, and therefore
it represents no allocation of resources. The key objective or goal of
an operation can be achieved only after all of the project events have
been reached. An event is usually represented on a network by a circle.
An éctivitz is the clearly definable work required between two
events; it is limited by them. It represents a tesk to vwhich = particular
guantity of resource will be applied. The sum of all the project tasks
accomplished on a job represents the total expenditure of resources to
achieve the key objective. Proper identification of 211 the necessary
tasks is probably the most important aspect of the network analysis systemn.
Activities are represented on the network by arrows.

Relationships are the sum total of the affiliations, connections,

and dependencies of the activities upon one another. Plznners identify
these relationships as they proceed through the function of visualizing
the conduct of work from start to finish. For example, the first task
on 2 job, by definition, is related to all other tasks in that it must
be started at the beginning of the project. The remaining tasks follow
in sone orderly sequence of execution,

Developing the network.--Placed in Proper sequences and combinations

the activities and events are shown in a network model to depict the
relationships between all the tasks involved. Figure 1 shows an example
of a network nodel that could be drewn to represent a plen for demolishing
& building. The model depicted illustrates the basic concept of modeling

which is common to most networl: analysis techniques, including PERT end

CPM,



TTETVORK }MODZLs

IPLLTATION:

Preceding Following Activity Activity
Zvent Zvent Description Letter
1 . 2 Plen demolition A
2 3 Set up plant B
3 L Renove roof c
3 6 Rermove interior partitions D
3 5 Remove exterior siding =
L 6 Dumy (no work) I
5 6 Durmy (no work) M
6 7 Remove main walls ™
T 8 Remove flooring znd plumbing G
8 9 Remove foundation . H
3 9 Clean up and remove debris I
o 10 Back fill and grade J
10 11 Clear site K |

»

Fig. l.--letwork Model for the demolition of a single story (hypothetical)
building. -
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A network model is developed from a logical anAlysis of the mission
to be accomplished. A planner forms a graprhical presentation for project
execution by starting with the general concept and developing specific
tasks to be completed.

There are seven steps in network construction; they are as follows:

(1) Define the prime objective--that mission toward which all planning
is to be directed.

(2) Identify supporting objectives--g groupment of the major tasks
to be completed in order to attain the primebobjective.

(3) Identify work packages--work packages are the skills or specialtie
of the work force that are required to achieve the supporting objective,
In Figure 1 the skills required to demolish the building inelude earthwork,
Plumbing, carpentry, and general labor. Work packages afe a convenient
subdivision of work for cost accounting purposes. Each may contain from
one to several detailed tasks (activities) to be completed.

(k) Select the detailed tasks to be accomplished.

(5) Select the events to be achieved--events define the accomplish-
ments in the project.

(6) Sequence the activities and events--determine the order of execu-
tion of each activity. Also, establish the relationships of activities
to events.

(7) Leyout the network model in the manner depicted by Figure 1.

The network model identifies each activity and places it in a pattern
to show its relationship with each of the others. Both series and parallel
sequences of activities will o;cur in reaching the key objective.

A set of rules has evolvgd during the development of the technique of
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network modeling, Compiled in Appendix A is a collection of the currently
accepted meqhanics of network construction. For the most pert, these
rules have been adopted by both governmental and civilizn agencies, and
are vsed with mmerous techniques such as PR anc CEM

The basic model showm in Tigure 1 is by no mezns *he end Froduct o
netiork rodeling, The next step in the technigue is 4o visuslize <he
anount of resources, in terms of iox: forece and materiel, that are reguired
to corplete each activity. These reguirements are either listed on the
network or eppended to the accorpanying tzble of explanation.

Following the eprlieation of resources, the next step in developing
a comprehensi&e model is to secure tire estimates and calecvlate the
expected time for each activity.5 These times are applied to the network
model; they meterially assist plenners to clearly visualize the concept
of execution.

4 time lencth is caleulated for each series-sequence of activities
which connects the starting with the end event. In Figure 1 four series-
sequences exist in the model. ZEach represents a specific time length of

activity. The longest time'length is ealled the critical path. This

Path sets the +time required to accomplish the Project.

If costs are to be analyzed, the final step in Preparing the model

1s to calculeate both direct and proportionate indirect costs related to

each activity. The cost of each activity is applied to the network and

the diagrem is complete.

Evaluation of the network.,--The completed network contains a wezlth

°The PERT-Time method for caleulating expected times is discussed in
the next section of this chapter and in Appendix B. ‘
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of significant deta. It provides several important facts and relationships
to the planner; they are:
"(1) The expected project duration.
"(2) The tasks that are critical.

"(3) The points in time relationships when tasks cen begin and
P
finish.

"(4) The time points 2% which they EEaskéJ must begin ané finish so
&s not to interfere with the overall duration of the project.

"(5) The tasks that must be expedited if it is desired to reduce the
project duration. '

"(6) The leeway availsble for scheduling individual tasks."6

Analysis pf a network is a form of management by exception. The
manager can study the network and determine those eritical tasks which
require his close supervision., For example, when time is a critical
resource, 1t may become evident that only 2 small number of the total tasks
actually control the time required to reach the key objective. Then, he
would see that a delay of one or more of these tasks delays the entire
project. The manager manipulates all of his resources to most effectively
reduce the total requirement for manpower, materiél,and time. In any one
situation one of these three broad categories could be held as the critical
element in planning. However, on most industrizl projects costs are the
overriding limiting factor in Planning. In this instance the manager
orients his thinking to concentrate on maximizing profits by minimizing
projéct costs. A military menager, particularly in the theater of §pera-
tions, may hold that dollor costs are not significant in expressing project

effectiveness. Consequently, the military planner mey declare tine,

6U. S., Army, The Engineer School, "Student Notes, Network Analysis
Systems," Fort Belvoir, 1963, p. 6.
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'manpower or even materiel to be the controlling factor in his Planning.,

A completed network normally represents one concept for completing
a project. However, this does not imply that in network modeling only
one course of action is ever analyzed. On the contrary, if time permits,
and other feasible courses of action zre apparent, a planner‘may brepare
a completed network for each of two or more distinguishable methods for
accomplishing a job. In this case the manager will carefully anélyze the
advantages and disadvantages of each Plan before deciding upon the scheme
of action.

Applications of the network modeling technique.-~-Network modeling

is a technique that can be incorporated into a general military sequence
of planning. One or more outline networks, that give broad concepts for
project execution; may be prepared to support each course of action to
be analyzed during preliminary Planning. When the commander chooses a
- course of action the corresponding network model can be issued with
operation plans so that subordinates can complete their detailed planning.
The network technique supports a subdivision of the planning require-
ment. Each level in the organization can proceed independently with
its planning function. Subordinates may be required to complete net-
works to repreéent Plans for accomplishing assigned activities. Then,
any number of sub-networks can be put together, with a master network
as an index, as it were, to form a comprehensive plan.
Top management will make those network adjustments that are required
to provide a complete plan for a harmonious execution effort.
The concept of network moéeling enhances planning for a time phased
project execution. A completed network model will not in itself include &

time scale. Note in Figure 1 that neither the length of activity arrows
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nor the positions of the events were related to time. This is done
purposely in the initial steges of networking to avoid introducing a
bias into the estimates of resource and time requirements.

Scheduling can be greatly simplified by refining and oriénting a
nétwork rodel to a horizontel time scale. Then each ne“wo-k event becores
a2 milestone in actual +time. That is, each activity will be scheduled to
start and be completed at a2 specific point in time. A horizontal time
scazle incorporates non-work days, if they are plznned.

A bar-graph, such as shown in Figure 2, is a logicel e:tension of a
time-oriented network model. t can be used to regrour activities into
work packages-of similar skills, that are oriented to the vertical zxis.
The entire scheduling funection is guite reduced in magnitude when a net-
work model is developed during the plenning phase. If sound judecment were
used in the preparation of time estimates then little guesswork will be
required to complete a schedule.7

Network modeling can be a valuzble tool not only in planning and
scheduling a.project but also in costing a proposed operation. Most
project menagers operate with definitely limited resources, Except in a
theatér of operations, even militery menagers ray be expected to cost
their projects.

Costing the separate activities in a network can be a time consuming

Job; at times the task may be virtually impossible. However, particularly

TNote that in the network analysis system the functions of rlanning
and scheduling are distinctly separated. As stated above, a network
diagram does not include a time sczle., Vaen drawing the initial sketeh,
a planner concentrates on producing a Picture of the most workable
sequence oI activities. He attempts to reveal eech interdependency that
exists between the tasks.

8stilian, op. cit., p. bl
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:Ln. industry, all resources are reduced to a monetary value as the common
denominator for overall project control. The resources applied to each
activity need to be identified in absolute detail. For example, manpower
requirements must be stated both quantitatively and qualitatively. Also,
material requirements must be expressed in complete bills of material.
And, equipment requirements need to identify every conceivable piece that
will be used and delineate time requirements. Indirect costs cannot be
overlooked, particularly when more than one course of action is being
analyzed during project Planning. The estimated total cost of a proposed
Project may be used as g management aid in evaluating a method of execu-
tion or simply as a device to insure that a plan stays within some
imposed cost ceiling,

A network model serves as a convenient cormunications medium durihg
the entire project » from inception through completion.9 In early
Planning conferences the first network sketch provides an outline for
discussion. It can portray the broad concept of the operation in a
much simpler way than the same facts Prepared in narrative form. When
firm plans are developed the network Provides continuity and a basic
Planning tool for common reference. Color coding can be used to enhance
cross-references to sub-networks and schedules. The model can help to
answer mny questions which will arise during execution. In additlon,
the model can be a valusble tool for briefing visitors and new arrivals
in the organization.

However, one of the most mporta.nt applications of the network analysis

system is to control an opera'bion. Few complex and time consuming projects

9Tbid., p. 38.
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move along exactly as scheduled. Meny factors ang unpredictable difficulties

may necessitate changes in plans. The network is a useful tool for Planning
the'trade-off of resources during broject execution., If g timely reporting
system 1s used, the network can be updated periodieally znd will reflect
trends as they develop and forecast their impact on subsequent tasks.
Looking ahead on the network, the menager can identify surplus resources

and apply some of them in eritieal areas. In each instance where a trade~
off appezrs necessary, its effeect can be cerefully analyzed ang compared
with other possible changes. In this way management hopefully arrives at
the optimum adjustment of resources.lO

Detailed control techniques, including & variety of bPeriodic reports,
can be used to help keep = DProject on schedule and within monetary limits.
The PERT system for reporting actual work performsnce is discussed in
the next section of this chapter. PERT suggests a wide variety of useful
rroject feedback reports. Further discussion of reports is omitted at
this point.

While the‘concept of project control is stressed by most network
technique variations, each epproach to detzailed control varys slightly.ll
The military, independent management consultants, and iﬁdustry have
independently developed a large femily of specific systems. In the follow-
ing sections two widely used concepts are analyzed. The first to be
discussed is called the Program Evaluation and Review Technique. The
second is called the Critieal Path Method. Each is a valuable system for

Planning, scheduling,and controlling an operation; and, each has distinct

L1

advantages and limitations.

10Booz, Allen and Hamilton, op. cit., p. 15,
UThid., p. k.
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PERET - Program Evaluation and Zeviev Technique

"PERT is a set of principles, methods and techniques for effective
Plenning of objective-oriented work, thereby establishing a sound basis
for effective scheduling costing, controlling and replanning in the
meragement of programs."ig

Background.~-PERT was developed anéd first appliecd in 1958 in the
Us 3. Tavy's Polaris Fleet Ballistic Missile Program., Under the auspices
of the Tavy's Specizl Projects Office, naval planners worked with Boogz,
Allen and Hemilton, Incorporated, the Lockheed Aviation Corporation, and
others to develop the technique.l3 1k

PERT vw2s pertially evolutionary. The concept of graphicel analysis
of interrelated activities has long been used in electricel engineering,
fluid mechanics, and cemputer Prograxming flow charts. Also, PERT drew
ideas from the concept of project scheduling with & bar-greph. In
addition, it applied the technique of milestone reporting; that is, the
systen of identifying and reporting the status of eritical Points in 2
project, such as the start or completion of key tasks.

The developers of PERT merged the evolutionary management systems
with their own ideas for time and cost estimates,~a eritical path of work
activity, and a2 new type progress-reporting system. The result was PERT--

an improved approach to DPlanning and control.

The PERT Network.--The PERT network flow chart concept germinated

the seeds of thought for the broad development of the network analysis

12U. S., Government; PERT Coordinating Group, PERT Guide for Manage-
ment Use (Washington: U, S. Government Printing Office, June 1963), p. 22.

13Booz, Allen and Hamilton, ogp. cit., p. &,

ll"U. S., Department of the Navy, Special Projects Office, POLARIS
Management (Washington: U. S. Government Printing Office, February'196l),
Po . :
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system. The basic concept of network enalysis discussed in the preceding
section of this chapter is symonymous with the PERT aéproach. Though it
wes a pioneer approach, PERT has benefited ccnsiderably from the research
and effort that American industrial management recently expended in this
area. Todzy, networks are developed with a universal language and under
common rules of logic. These concepts are surmarized in Appendix A.

The PERT time concept.--When the basic network model is established

PERT introduces the element of time based upon several variables; the two
most important are the planned use of resources (ﬁanpower, equipment, and
materials), and the average resource application rates (e.g., the length
of the work week and the number of shifts).15

PERT urges that time estimates should be made by personnel who are
most intimately related with each type of activity. It accepts the fact
that the quality of time estimates is dependent upon the experience and
understanding of each participating individusl.

Either a single time estimate or a range of estimates is made for
each activity. If a range of estimetes is considered necessary by planners,
usually three are made--the optimistie, the most likely, and the pessimistic.
The range infers that a degree of uncertainty exists. This groupment of
times is used to calculate a statistically expected time for each activity.
Arpendix B describes the general theory for this caleculation.

The time estimate obtained for each activity is applied to the net-
work model. Eech time-path in the network is analyzed and the total path
time-length is computed. That path which requires the meximm expenditure

of time is identified as the critical path. The expected project

lSU. S., Government, PERT Coordinating Group, op. cit., p. 22.
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completion time is estimeted using the time length of this longest
path.

Heving prepared an estimete for the Project completion time the
Planner works backwerd along each path in the network +o establish the
latest alloweble completion +ime (TL) for each activity. Then workin
forward along each path from “he start of the project an earliest expected
completion time (TE) is calculated. The values of Tz and Ty, are tabulated
for each event and slack time is calculated. Slack is the difference
between the latest allowable completion fime and the earliest expected |
completion time.

Slack exists in each time path of the netvork except on the critical
path. Conseguently, some idle resource is represented on each of the
other paths of the network.

The earliest expected broject completion date is compared with any
Prescribed date. If the desired completion date is earlier than the
expected date, management mey decide to take any of the following courses
of action:

"(1) Modify the networl by introducing greater concurrency of
effort.

"(2) Load E%serve resources on limiting activities.

"(3) Change the scope of activities.

"(4) Change the performance requirements,

"(5) Balence the Plan by reallocating resources among activities."16

PERT provides an approximate method for determining the Probability
of meeting 2 scheduled ectivity or project completion time. The identifi-

cation of an optimistic and a DPessimistic time estimate must be nmade for

16Tbid., p. 2k.
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each activity. Appendix B develops the theory for this systen of
Probability calculations. The more sophisticated, and often computerized,
PERT systems do ealculate the Probzbili uy of reetingz selected rilestones
in the netvork,

In swmary, the PIRT Tine coneert shows 211 the woui that must be

|Jo

done, identifies reguired resources, estizates activity and project

,c:

cormpletion tires, reflects various intercerendencies, znd measures the
relztive uncertzinty of acc orplishing ths events in the plen, as schedulec.

the PZ2T Cost concept.--The PERT Cost technique ceorplements the PERT

Time concept and airs to determine where cost overruns mey ané do ocecur in
a project. It provides the mecherics for relst ing costs to schedules and
budgets.

The application of PERT Cost starts during the development of the
network model. The work rackages, which are identified early in the
Planning, rrovide a logiecal subdivision of work for cost accounting
purposes. Tormally, a work package is the lowest level of identifiecation
.Of costs to the work performed.

Each work package is normally supervised by one person in the task
orgenization. Hence work Packages are a convenient way to start building
a task organization.

PERT stresses the importance of preparing detailed cost estimates for
work to be done. Supervisors in the broposed organizetion who will subse-
quently be responsible for completing each work Package prepare the cost
estimates.

Management uses the cost caiculations &s a tool for analyzing Proposed

schedules and planned resource application. They aim to eliminate all
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unnecessary manpower costs and Premium payments for materials and
services. >/ The preliminary cost estimates prepare the groundwork for

the PERT system for reporting actual performence.

The PERT Cost reporting system.--It is 2 matter of judgment as to
how much detailegd reporting menagement will require under the PERT
syster. In general, periodic surmary calculations are made to conmpare
Previous estimates iith the actual costs incurred for each work package.
Calculations are mzde to compare estimates vith the actual costs incurred
for each work Package. Caleulations sre also made to predict any future
cost overruns. Activities thet are located on the PERT Time network
eritical path Will receive particular attention. The PERT Cost syster
attempts to highlight difficulties in performing work early enough for
managenent to take corrective action.l8

The PERT Cost reporting system is comprised of several detailed
reports, which, as a group, provide management with necessary decision
information, Reports of barticwlar significance include the following:

(1) Management Summary report.--This report. presents an overall
time and cost schedule for the project as 2 whole, and for ezch work
package. t provides management with & forecast of the cost overrun or
underrun to date by comparing plenned versus actual costs. The report
provides e latest revised estimate for total costs required to complete
the project and each work package. The Management Sumary Report also
compares the scheduled milestone and project completion dates with the
latest revised estimates for each occurrence. It g€ives management a

3

concise picture of the Project status and identifies those Problem areas

that require management's attention.

1TIbid., p. Lo. 187pig.
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(2) Cost of Work Report.--This report is a graph of both zetual
and budgeted costs versus tire. It shows menagement a graph of planned
costs with a graph of actusl costs to date. It lists the value of the
worZ performed to date +o show current underrun or overrun. In addition,
it grarphically brojects costs to Project comrletion and forecasts final

underrun or overrun. Cumulative costs are oriented to the vertical axis

[0

nd time is projected along the horizontal axis. The mos% significant

o

spect of this periocie report is that itrends towerd either overrun or

5

derrun are presented on en easily read graph.

(3) Schedule Outlook Report.--TIn g graphic display, this report
shows the periodic trend o the estimated Project completion date in
terms of weeks ahead or behind schedule. Time, generzally in terms of
weeks, is oriented to the vertical 2xds. The zero line for weeks ahead
or behind schedule is drawn horizontally across the center of the page.
At the end of each reporting period g boint is plotted to represent the
status of work, oriented to a calendar of weeks or months Grawn along
the horizontal axis. |

(k) Cost Outlook Report.--Thig report is laid out on a graph
similar to the format for the Schedule Cutlook Report. t shows fhe
DPeriodic trend of the brojected overrun or underrun. Overrun ang under-
run costs are drawn along the vertical axis from a zero overrun line
which is centered horizontzally on the graph. At the end of each report-
ing period a point is Plotted on the graph to represent the current
estimate of projected overrun or underrun costs Projected +to comrpletion
of the job, ;
The PERT Cost reporting system aims toward minimizing the cost of the

operation. The frequency of the reports will depend on the length of the
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project and the particulaer desires of manegement; however, in actual
Practice many PERT users have employed a biweekly reporting system.
Summerv.--PERT is a set of principles'w’ich aids a manager in the
effective planning cf object-oriented work. t establishes 2 management
Process cyele that starts with the esteblishment of detailed objectives,

The objectives support the prirme goel of management. Planners translate

objectives into work packages and subsequently into a 1ist of detailed

=

activities that must be accomplished. hese activities are highlighted
through the use of milestones to magnify eritical steps in the project.

PERT planners develop a network model to place each activity in a
Pattern and show its relationship with each of the others. The network
is used to forecast project duration, tasks that are critical, and as an
2id in project scheduling. In addition, the model can serve as a
convenient communicetions medium during the entire project.

PERT provides for the development of a detailed cost control system
to eid management in setting further objectives, evaluating progress end
redirecting work effort when variance occurs. A series of cost reports
provide necessary management decision information.

The Progrem Evaluation and Review Technique is widely used in
industry. Applications have encompassed many field of human endegvor.
On largé projects, the system employs a digital computer to handle the
wealth of data which is periodically gathered for manggenent's review.
However, noncomputerized spplications of the PERT Time and PERT Cost
techniques are both feasible and practicable. In more corplicated
applications management must be éareful not to let PERT‘become the end

rether than the means to improved management.
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CPM - Critical Path Method

CPM is the term applied to a technique that was developed in
industry'and uses the network modeling theory o plan, schedulg,and con-
trol e project. It employs mathematical formiee, statistical analysis,
and elther electronic dgte Processing or manuzsl cempuitations as tools for
project maragerent.

Beckeround.--CPM had its inception in 1857 on a2 project that the
Remington Rand Division of the Sperxy Rand Corporation accomplished for
the E. I. cu Pont de Nemours and Company.19 CPM grew vp in civilian
industry at about the time thet PERT was developed under U. S, lavy auspices.
Todey their basic approzches and techniques are quite sinilar, However,
there is a basic characteristic which distinguishes CPM from the PERT Time
concept. PZIRT stresses a trade-off of resources in the network model *o
reduce time and increase overall efficiency. CPl on the other hand
identifies two general rstes for applying resources té cerry out a job--
a normal rate and a crash rete.

The CPM normal rete is associzted with the estimated total cost of
the project (normel cost), if it is completed by = typical work force,
in an average tire for the work conditions presert. This averare time is
elso called the normel time.

The CFM crash rate is z2ssociated with the estimsted total cost of
the rroject (crash cost), if it is comrleted by an zugrented work force,

in the chortest possible time under the work conditions present. This

l9Remington Rand Univac Corporation, Military Department, Fundamentals
of Network Planning and Analysis (st. Paul: Remington Rand Univac,
January 1962), p. 3.
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. . . . ... 20
shortest possible time is also called the crash time.

ile PzZRT, the CPM system Prescribes a timely reporting systen to
aid management in controlling resource application and in identifying
problem zrezs. The reporting svstem is quite sizilar to the PIRT report-
ing concert and will not be further discussed.

Tine-cost essignment to minimize cost.--The CPM technique begins

with the premaration of a basic network d¢iegrem. The modeling technique

(o]
[
(D]
[¢]
}-

s
O
o

¢ in Lppendix A is comparable %o the CEM concept.

Once the network model is corpleted in draft form the rlanner
aprlies resources of men, material and eguiprment to each activity. He
strives to plan the execution of each task in the most efficient menner;
that is, with the leest total expenditure of cost. This_application of
resources is made at a2 rate consistent with normel operations. Hence,
the time ealeulated to complete each activity is called the normal time
of corrleticn. The cost of the activity at this rate of applicetion is
called the normel cost. It is identified as the least expensive rate at
which to coﬁplete the project.

Minimizing tire.--lext, & set of calculations ray be prepared to

determine the cost of each activity if it is completed in the least
possible time, called the crash lime. Associated with this crash time is
a crash cost, also calculated for each activity. The concept sounds
simple; however, in actual Practice the job is quite corplex. An orderly
surmery of cost-time dzta is usvally prepared to corpare the crash rate

for job performance with the normal rete.

2QAndrew Muir, "PERT? CPM? RAMPS? ," Time and Motion Study, April
1963, p. 25, :
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The crash rate and the normal rate identify the gamut of & number
of variable ways to do the job, If time Permits, thelplanner may prepare
several plans, each with a unique schedule, to show variations in
starting and completion times for each activity and the related costs.

For a given tentative schedule one network path will be critical
and each of the others will have some slack time. Each shorter time
schedule generally will result in a higher cost estimate. Resources are
applied to those activities that will experience the smallest change in
cost per unit of time saved. Emphasis ié given to the critical path of
activities. A unique schedule can be identified each time that another
path in the network becomes critical.

To aid the planner, CPM identifies three basic categories of slack
as relates to each activity:al

(1) Total float, which is the slack time available when the preced-
ing activities are completed at the earliest Possible times and gll the
succeeding activities at the latest possible times.

(2) Free float, which is the slack time available when all the
preceding activities are completed at the earliesﬁ possible times and
all the succeeding activities are also completed at the earliest possible
times.

(3) Independént float, which is the slack time availeble when all
the preceding activities are completed at the latest Possible times and

all the succeeding activities are completed at the earliest possible times.22

21cPM uses an additional tem called float vhich is synomyous with the
PERT term called slack.

22stilian, op. cit., p. 152.



28

The planner continues to modify his Planned method for accomplishing
the job until he reaches & point where, in his owvn mind, it is not worth
the additional expense to save further time. When he reaches this
decision a final schc::dule is prepared for the Proposed operation.

CPM is ideally suited for analysis by a computer program., On large
Projects involving fifty or more activities the required calculations
will probably be too unwieldy for hand computations. Any time manual
computations are required, because of the work involved, a planner will
Probably prepare a normalized schedule and one crashed schedule. In thig
instance activities along the initial eritical path are compressed, along
with any other'a.ctivities vhich ecan be easily reduced in time at a
nominai increase in cost. Manual analysis using CPM is limited only by
the time and effort available to the Planner; any number of schedules can
be made if time is available.

Application of the Critical Path Method.--Table 1 shows a hypothetieal

example of the use of CPM to compare the cost-time relationships of

various modifications of an original network model. Schedule A shows

to the most Practicable limit in the mind of the Planner. At thig ‘crashed
rate idle resources are reduced considerably while the direct cost of
the project rises to a projected maximm. Schedule D will cost $90, 000
more than Schedule A, but saves management an estimsteqd nineteen days in
the length of the Project,

Schedules B and C are variati;ms of the normal rate, Each shows
significant savings .in time with ‘& corresponding increase in cost, The

top management of the DProposed project must analyze the figures wvith the
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TABLE 1

COST EFFECTIVENESS COMPARISON OF PLANS
(in thousands of dollars)

Rate Hormzl Interrmecicte Cracsh
Schedule A B C D
Deys required : 61 58 51 L2
. ’, fl) ’.- :
Direct costs Sh21 Shlio shrT $529
Indirect and idle resource costs S 3k & 27 $ 21 & 16
Total Costs $bs55 ¢hés shot 8545

corresponding networks and schedules ang choose thet course of action
which best satisfies g1 contingcencies,

Like PERT, choice of & plen of action is but the first of the two
rost significent aprlications of CPM. The control of Project execution
is erhanceéd ccnsicderably through & timely CEM reporiing and upleting
procedure., The technique is cormparable with the PERT Cost conecept
Ciscussed earlier in this chapter. Managerent analyzes rrogress, identifies
potential probler ereas,and shifts resources as reguired to keep the
Project cn schedule,

Surmary.--The Criticel Path Method is a network analy=is gystenm

-t

vhich, if prozerly uvsed, will assist 2 tenager in rlanning, scheduling,
and controlling z zroject. CPM ywas developed in the Americen industrial»
environnent as a tool for increasing job efficiency and reducing costs.
It is & cost effectiveness technigue which uses & network rodel to arrive
at a sound course of action for accomplishing a work droject.

The CETIcohcept exploys the generally accepted technique of network

moceling to aid in balancing knovn requirerents with zvailsble resources.

Through CFM, & planner can identify two distinct methods for completing

& job--with the least reasonsble cost end in a normal rate; or, in a
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minimm time, at a crashed, and correspondingly increésed cost. These
two methods bracket a variable number of unique methods for doing the
work. Using either g computer program or manual computations, a planner
can modify a normal method for Job execution and save time through the
Judicious application of resources to the activities on a network
model.

The Critical Path Method is widely used on construction projects
vhere the interplay of costs and time often is a critical factor in
meking for profit or loss.

The CPM technique is an excellent tool for controlling a project.
The common language and flow-chart type network model ean be easily
‘understood by ell elements of the work force.

For military burposes, where an expression of dollar costs is
generally insignificant in the theater of operations » the commander ecan
use as his criterion, either manpower or materiel.22 He may choose to
reduce project completion time at a corresponding increase in materiel

Or manpower resource application.

Conclusion

Advantages of the network analysis system,--The network analysis

system consists of drawving a picture of 2 Plan of action in a form that
is readily understandable throughout the organization. A series of
calculations compliments this diagram to arrange time and resources
together to form a schedule. Finally, eontrol measures form that part of

the system which permits management to analyze progress and aet confidently
to improve the productive effort,

22y, S., Ammy, The Engineer School, op. eit., p. 12.
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The system has several good points; these include:

(l) Detailed planning is absolutely necessaxy;.it cannot be
avoided for it is an essential asrect of the system. The preperation of
a network rmodel requires a logical, accurate,and consistent approach to
Planning.

(2) The system clearly outlines the tota’ mumber of tasks to be
accemplished, and shows their interscticns.

(3) Project milestones are estzblished and se uenced to aid in
work control.

(4) The network model gilves menagenent a good perspective of the
overall plen.’

(5) Problem arees are identified in time for rmanasgement to react
and keep thé project on schedule.

(6) subtask times are caleuleted early in the planning sequence and
aid in deteiled scheduling.

_(7) The system provides an excellent tool for orienting and
briefing personnel.

(8) Used in the execution of z lengthy project, the network analysis
system forces management to up-date and eyemine the schedule in light of
past performance.

(2) The Project reporting system provides a wealth of data to assist
in future planning of similar type projects.

Limitetions of the network enalysis system.-~The network: analysis

system will never replace the manager. t will not think nor decide for
the menager for it is simply a tool for effective planning end control.

The basic technique has receivgd wice publicity and many varietions of the

fundamentzl concept have been déveloped. Although there are numerous
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possible applications of the tool, management can easily become so
entranced with the intricacies of the network a.nalysis- system that it
becomes the end rather than the means to improved management.23

The following points must be weighed when considering the use of
the system:

(1) The technique is probably not worth the effort on repetitive
Projects where standing operating procedures serve to control the opera-
tions.

(2) Inaceuracies may creep into thé network because of limited
experience a.ﬁd foresight on the part of the pla.zme:v:'.f?»)+

 (3) Time estimates may be unrealistic. The use of three time estimates
in the PERT concept is significantly safer than a single estimate. However,
as is the doctrine of PERT, the exclusion of random varisbles » such as acts
of God and war damage, can make estimates unrelisble.

(h) The accuracy of resource estimates will be affected by the
Planner's Judgment and experience.

The network analysis system is well suited to generel industrial
management, construction project control, and reséarch and development
programming. The system is still under evolution. As management becomes
more familiar with the technique we can expect significant extensions and

a greater variety of uses.

23Booz, Allen and Hemilton, op. cit., p. 5.

2kBmce Mikesﬂl, "Uncertainties of PERT," Armed Forces Management,
January 1963, p. 21.
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ZXANELES OF MILITARY APPLICATION OF TUER
FETNWOZK ATALYSIS 3YSTE!
Introcuction

The networl: analysis system'has excellent potentizl for use in
Planning, scheduling,and controlling thysiczl work. In general, it may
Possibly be a useful tool vhenever a planner is confronted with en arbi-
trarily imposed deadline, a limitastion on resources, or when the task to
be accomplished involves many interrelated subiasks.

In March 1963 the Army Chief of Engineers rerorted that the network
analysis system had already been used@ on more than eighty different Corps

1 Some of the most significant projects reported were as follows:

projects.
"(1) Engineering planning for multi-purpose projects.

"(2) [?lanning] "Operation Chlorine"--Salvage of chlorine bottles
from a sunken barge on the Mississippi River. '

"(3) [Breparation of | Hyéraulic Studies.

"(L) EA:]Plan and schedule for a series of ground-breaking ceremonies.
"(5) Preparation of reports for flood control.

"(6) Initiation of a new organization and progran.

"(7) Mapping operations in Thailand.

"(8) [A]Pian ena scheaule (for] ennual meintenance operations on
hydro-electric generators."2

1y, S., Department of the Army, Office of the Chief of Engineers,
"Administration, Network Analysis System," Regulation No. 1-1-11, 15 March
1963. This regulation contains some excellent examples of the use of the
networking technique, p. 10.

2Tpid.
33
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These reports of successful uses of the network'analysis system give
a good indication of the system's versatility. Broader application may
be possible. In fact, many of the projects listed above are similar in
neture to tasks that would be accomplished in a theater of operations.
For example, an army staff could use the technique in planning mapping

operations, maintenance operations » manpower and reorgenization studies »

hydraulic studies, and large scale engineer construction projects;

they too can use the technique.

The networking technique was recently used as a Planning tool in the
Eighth Army Engineer Section, Korea. The Chief, Intelligence énd Mapping
Branch used the Critical Path Method to plan a new route numbering system
for Korean maps. In the form of a Preliminary study, the Plan outlined a
program that will cover a four-year period when it is implemented. About
900 map sheets are to be modified. The army engineer staff will have to
coordinate the efforts of ten separate agencies.3 Although this appears
to be a limited application of networking, at least a step has been made
in the Eighth Army Engineer Section to apply the technique in Planning.

Greater use of the network analysis system has been made by the
Seventh Army Engineer in Europe. In 1963, Headquarters » Seventh Army,
established a policy which publicized this Planning technique. A letter
of instructions to the Seventh Corps commander and the commanders of
separate engineer groups directed that the Critical Path Method (cpM)
would be used to plan, schedule, and control priority engineer work at

the Seventh Army Training Center (Hohenfels ana Grafenwoehr);

3Capt. Paul Bazilwich, Jr., Chief, Mapping and Intelligence Branch,
Operations Division, Office of the Engineer, Eighth Army, Personal letter
to the thesis author, 3 Dec 6k,
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In 1964 each engineer battalion that trained at the Seventh Army
Training Center planned at least one top priority project by CPM.lL Net-
works that were completed in compliance with the instructions contained a
comprehensive analysis of the proposed work. In general the networks
Provided a description of each key event, identified each activity,
reflected a time estirate for each activity, identified the eritical path,
and showed where slack time was available in the network. Only one time
estimate was prepared for each activity. The Seventh Army Engineer
apparently felt that little value would be gained if planners used the PERT
three-time concept or the CPM crash-time concept.

Seventh Army engineer battalions applied CFM in managing road main-
tenance, bridge and building construction, and range rehabilitation.?” They
were encouraged to train key personnel in the use of CPM and employ the
networks as low as company level. At that level the networks were prepared
in considerable detail by expanding upon outline-networks Prepared at
battalion level.

The outlook eppears good in both Seventh and Eighth Armies for a
wider use of CFM in plenning » scheduling, and controlling engineer combat
support operations.

Although relatively new in the area of military field engineering )
the network analysis system has received wide acceptance in military
contract construction activities. Encouragement by the Chief of Engineers

has prompted the extensive use of the technique. Contracting officers now

by, S., Forces, Europe, Seventh Army, "Letter of Instructions, Engi-
neer Construction Support, Seventh Army Training Center, CY 1964," Letter
AETEN-OC, 4 December 1963, p. 3. ‘

Ibid., Annex A.
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require that contractors use the networking technique to manage many
] s QR L 2 o+ 6
Corps financed military construction Projects.
Two exemples of Corps of Engineer peacetime applications of the net-
work analysis system are outlined below. In the first example the technique

is used to plan the construction of 2 missile silo, as part o

b

the Ballistic
Missile Construction Prosram. The second example gives an indiceiion of

[ - <
the versetility of the technicue; this ererple demonstretes the use of the

netvork analysis system to plan the annuzl inspection of 2 power Tlant.

jr

L0000

Even though they differ videly in scope, the two examples have at least
one common characteristic--both projects consist of = nurtber of inter-

related activities.

Planning the Construction of a Missile Silo

In recent years, as the need for completed ICBM launching sites
grew more urgent, the Chief of Engineers directed his field offices to
work closely with participating contractors to exploit the use of the
network cnalysis system. By 1962 the technique had received wide accep-
tance in contracting cirecles. The Tollowing example demonstrstes the use
of the PERT Time concept to aid in planning & construction Project. iThe
example was chosen to illustrate the PERT technique of network modeling
and to show its value to a planner in visualizing a complex project.

Identification of activities.--In this example a contractor identified

wenty-four activities that he felt would clearly define the total number

of subtasks in the project.7 The activities were listed in tebular form

6u. S., Department of the Army, Engineer Regulation No., 1-1-11,
op. cit., p. 1. '
Tu. S., Department of the Afmy, Office of the Adjutant General, "Depart-

ment of the Army Letter on Management Practices," Letter AGAM-P(M) 310.1
(1 Nov 62) COMPT-M, 7 November 1962, Inclosure No. 2, Po 1o
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(Table 2) and numbered sequentially for ease of identification on the
network diagram. With this relatively few activities the manual technique
was chosen to complete the analysis. Had fifty or m§re activities been
required to éescribe the Project, the contractor probably would have
fesorted to a computerized analysis of the procgdure. Many computer
centers in the United Stetes offer this service at a rather nominal charge
of 200 to 3C0 dollars.

Network Disgram.--Each proposed activity for the network diagram was

analyzed in relation to the others. In laying out his diagram, the
contractor first determined that activity which had to be started before
any other task. An activity errow was drewm on the left side of the
paper and properly annotated (Figure 3). Next the second activity was
laid out in grephical form. In visuzlizing this project the contractor
saw that four activities could be started once the second activity had
been completed. In Figure 3 these activities are shown as arrows 3, L,
5 and 2k, Subsequently the remainder of the project was drawn in on the

network diagram. ZEach arrow was Properly numbered.

Activity caleculations.--Estimates of an expected time for each

activity were calculated using the PERT Time ccncept of three time esti-~
mates (see Appendix B for a discussion of this type of calculation)., In
Table 2, colurms 1, 2, 3 and 4 show the activity time estimates for the

silo structure. The expected time is shown in column 5; in addition, it
is also shown in Figure 3 above each activity arrow.

Path calculations.--The network diagram, Figure 3, has sixteen paths.

The longest one, 345 days in lengfh, was called the critical path and
marked with a heavy black line.  This path includes activities 1, 2, 3, 7

and 10. Each of the other paths is.shorter and therefore has some
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ko
slack time. The slack time for each activity was next caleculated through
a few simple operations. First, the expected completion time for each
activity was found by totalling activity times forward along a path to
the activity under study. Column 5 of Table 2 lists the activity
expected times. Next, each activity latest time was found by totalling in
a backward direction along a path, to the activity under study, and
subtracting this figure from the critical path length. In this project
the critical path length is 345 days. When several paths branch out after
completion of thé activity under study,>the length of the longest branch
rath must be used to determine the latest time (also called the latest
allowable completion time) for the activity. Column 6 of Table 2 lists
the activity latest times. Slack time for each activity was calculated
by subtracting the expected time from the latest time. Slack time for
each activity, in days, is shown in column 7 of Table 2.

Probability calculations.--The figures for the optimistic and pessi-

mistic times for each activity were used to calculate the activity's
variance (see Appendix B for a discussion of this,calculation). Each
variance is listed in column 8 of Teble 2. In adﬁition, a separate copy
of the network diagram was used to show the activities' variances |
(Figure 4). The cumulative variance for each activity was then caleu-
lated by totalling activity variances forward along a path to the activity
under study. Cumulative variances are listed in column 9 of Table 2 and
are also shown in Figure 4.

A list of scheduled completion times was imposed upon the contractor;
these dates are listed in column 10 of Teble 2. The contractor mede a
comparison of scheduled completion times with the expected times, and

expressed this analysis in terms of a Probability of completing each
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activity by the scheduled dste. The following procedure was used to

calculate probability for each activity
y v
"(1) Tele the square root of the sccumulated varisnce.

"(2) Divice the aifference between the e:pected and scheduled times
by the squere root of the aceurulated variance,

"(3) Use this quotient to enter Table 3 znd obtein = reading.

"(4) Subtrect the reacding from 0.5000 if the scheculed tirme 3
less than the e:pected time, or add <the reading if the scheduled time is
greater than tre expected time."ll

The proverility of neeting each scheduleé dete is skewn in colvmn 11

of Tzble 2.

Analysis of the application.--This example of the netwerk anzlysis
system helps éo show that projects which invoive g limited number of
activities can be satisfactorily analyzed when using the PERT Time concept
with manval computetions. The silo contractor might have sought weys
to reduce the project expected completion time.by apﬁlying adféitionel
resources to activities along the eritical rath. By considering avail-
eble sleclk time in the other paths, the contractor could have transferred
Some resources to the tasks elong the eriticszl path.

Probebility caleulations serve to indicate the‘risks that are built
into the project schedule. In this prolect the contrzctor noted that 32¢
Ceys was an unrealistic scheduled completion time. His computations
indicated that it was statistically irprobable that the Project would
be completed in 320 days. Note in column 10 of Table 2 that the scheduled
completion date for activity 10 is 320 days. This activity is the last
one on the criticzl path; the prqpability of meeting this activity
corpletion date is likewise the Probebility of completing the entire

project within 320 days.

llIbid., P. 2.
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TABLE 3

L]

AREAS UNDER THE NORMAL CURVE FROM A POINT P TO THE MEAN.OF TIE CURVE 12

59 00 | .01 | .02 | .03 | .0¢ | .05 | .08 |:07 .08 | .09
0.0 | .0000 | .0040 | .0080 | .0120 | .0159 | .0199 | .0239 | .0270 | .0319 | .03%0
0.1 | .0398 | .0438 | .0478 | .0517 | .0557 | .0596 | .0636 | .06756 | .0714 | 0753
0.2 | .0793 | .0832 | .0871 | .0010 | .0048 | .0987 | .1026 | .1084 | .1103 | .1111
0.3 | 1179 | .1217 | .1255 | .1203 | .1331 | .1368 | .1408 | .1443 | .1480 | .1517
0.4 | .1556 | .1501 | .1628 | .1664 | .1700 | .1736 | .1772 | .1808 | .1844 | 1879
0.5 | <1915 | .1950 | . 1085 | .2010 | .2054 | .2088 .2123 | .2157 | .2100 | .2224
0.6 |.2257 | .2201 | .2324 | 2357 | .2380 | 2422 | .245¢ | .2488 | .2518 | .25¢9
0.7.1.2580 | .2612 | .2643 | .2673 | .2704 | .2734 | .2764 | .2704 | .2823 | 2852
0.8 | .2881 | .2010 | .2039 | .2067 | .2095 | .3023.| .3051 | .3078 | .3108 | .3133
0.9 | .3159 | .3186 | .3212 | .3238 | .3264 | .3280 | .3315°| .3340 | .3365 | .8380
1.0 | .3413 | .3438 | .3461 {..3485 | .3508 | .3531 | .3554 | .3677 | .3500 | .3621
1.1 [ .3643 | .3665 | .3686 | .3708 | .3720 [ .3740 | .3770 | .3790 | .3810 | 3830
1.2 | .3840 | .3860 | .3888 | 3007 | .3925 | .3044 | .3062 | .3080 | 3097 | <015
1.3 | .4032 | .4040 | .4066 | .4083 | .4000 | .4115 | .4131 | .4147 | .4162 | 4177
1.4 | .4193 | 4207 | .4222 | .4236 | .4251 | .4265 | .4270 | .4202 | 4308 | 4319
1.6 4332 | .4345 | .4357 | .4370 | .4382 .4394 | .44006 | .4418 | .4430 4441
1.8 4452 | .4463 | 4474 | 4485 | .4495 | .4505 4516 | .4525 | .4535 | .454%
1.7 | 4554 | 4564 | .4573 | 4582 | .4501 | .4509-| .4608 | .4616 | .4625 | 4633
1.8 | .4641 | .4640 | .4656 | 4664 | .4671 | .4678 | .4686 | .4693 | .4699 | 4708
1.0 1 4713 | 4710 | .4726 | .4732 | .4738 | .4744 | .4750 | .4758 | .4762 | 4767
3.0 | .4773 | .4778 | 4783 | .4788 | .4793 | .4798 | .4803 | .4808 | .4812 | .4817
3.1 | .4821 | 4826 | 4830 | .4834 | .4838 | .4842 | .4846 | .4850 | .485¢ | 4857 .
3.2 | .4861 | 4885 | .4868 | 4871 | .4875 | .4878 | .4881 | .4884 | .4887 | 4890
3.3 | .4893 | .4806 | .4898 | 4901 | .490¢ | .4906 | .4909 | .4011 | .4013 | 4016
3.4 | 4018 | .4920 | 4022 | .4025 | .4927 | .4029 | .4931 | .4032 | .403¢ | ‘4036
3.5 | 4038 | .4940 | 4941 | .4943 | .4045 [ .4946 | .4048 | .4049 | .4051 | 4053
3.6 | 4953 | .4055 | .4056 | .4957 | .4050 | .4960 | .4961 | .4962 | 4963 | ¢pes
2.7 | .4065 | .4066 | .4067 | .4968 | .4069 | .4070 | .4071 | .4972 | .4073 | "4974
2.8 | 4074 | .4075 | .4076 | .4977 | .4077 | .4078 | .4970 | .4080 | 4080 | ‘4081
2.9 | .4081 | 4082 | .4983 | 4984 | .4084 | .4984 | .4085 | .4985 | 4086 | ¢o88
3.0 | .49885| 4087 | .4087 | 4088 | .4088 | .4v88 | 4089 | .4080 | .4080 | .<u00
3.1 | .40903] .4901 | .4001 | .4991 | .4902 | .4002 | .4992 | 4902 | 4903 | 4093

Note: MEAN IS ZERO

12014., Exhibit IV, pe9e STANDARD DEVIATION 1§ 1,0
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Although it was not reported in the reference ¢ited, the silo
contractor probably aprplied adéitionzl resoﬁrces to activity 10 in order
t0 reduce its expected completion time. As reported in Tsble 2 this
activity vas expected to take 157 days to complete. It neterially
centributed to the eritical rath length of 3L5 days. The ne:t lengest

Tath is just 240 days. Theoretically, the expected time of activity 10
coulcd have been reduced by 1C5 days before another_path in the network
became critical.

Altrough the tool is ¢ifficult to Tully understand at first glance,
the PERT Time concept is an excellent approach to the technique of network
anzlysis. It provides = mznager with some feel for the risk thet he
builds into a project construction schedule, Notwithstanding this fact,
the PERT network magnifies slacl: time in the network and drews the
Flanner's attention to the eritical rath of zctivities.

A schedule could easily have been prepared from the network developed
for the silo construction. To accorplish this, the network need simply be
oriented to a horizontal time scale which accounted for ail nen-vork
deys. The procedure is completed by laying the eriticsl path arrows along
the horizontal axis.

Summary.--The PERT epproach to project planning and scheduling has
broven to be a worthwhile technique in contract construction for the
Corps of Engineers. Admittedly, the concept of multiple time estimates
has questionable value in Planning unfémiliar work. But, certainly when
& planner is familiar with both the subtasks and the available resources,
multiple. time estimates serve a ;alid and useful purpose in Project
analysis and scheduling, Relating this concept to the theeter of opera-

tions, it appears that the vagaries of the battlefield would make a
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Planner quite skeptical about using multiple time estimates to calculate
the expected time for completing a task. To completely rule out the
technique of multliple time estimates likewise ceems unreasonable, but
such a procedure must be JuGiciously epplied in the thester of oreretions.

In most instances s single time estimate will suffice.

Plarming the Inspection of e Large Hydroelectric

Genersting Unit
In this operation the netirorlk ar al;sis system was epplied In an
attempt to reduce both the time znd ra rower reguired to moke a routine
arnual techniecsl _DSPECu on of a large hydroelectric gen reting unit.
Time wes analyzed in terms of hours rather then ays. Planners were
Particularly concerned with the cost of the menpover reguirerents, includ-

ing overtime reg uwrements.l3

Identification of zctivities.--The Corps of Engineers planners

identified twenty-seven subtaslks in the inspection process. Placed in
a logical sequence, the subtasis are listed in Teble k. The manpower
requirements for each task are listed in column 3, and the estimate of
tinme to accomplish each is shown in column 2.

The dummy activities shown in Table Lt are used to show the dependency
of activity 18-19 on six earlier subtasks.

Network diagram.--The planners visualized that the inspection project

would be completed in the sequence shown in Figure 5. Each activity
arrow 1s separated by a numbered event. This graphical numbering technique

is a permissable convention elthough it differs somewhat from the technique

13y, S., Department of the Army, Engineer Regulation No. 1-1-11,
op. cit., App. III, p. 3.
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TABLE 4 CIARK EILL NETWORK AKALYSIS «RESOURCE REQUIREMENTS 1/-
1 .
JoB _ IERSCRIPTION 1%0: 323 mlbcm' 0 T5coer
0-1 Varm Up Unit - Operate on System , 2.5 - - -
1-2 Unwater & Clear Out : 3.0 1 $1.13 $13.20
2-3 Open Bus Ducts 0.5 2 4,05 5,78
2-4 Open Penstock 0.5 2 k.05 4.78
2-5 Change Governor 011 4.0 2 32.28 38.24
2-6 Devater & Inspect Draft Tube 3.0 3 33.93 ko.20
3-7 Gen Air Blast Breaker - Clean & Insp 2.0 3 22,62 26.80
3-8 Gen Neutral ACB - Clean & Inspect 2.0 2 16.14 19.12
3.9 Measure Gen Air Gaps 1.0 2 8.07 9.56
3-10 Headgates - Megger & Check Controls 1.5 2 12,10 1k.34
3-11 . Megger Auxiliary Equipment 2.0 2 16.14 19.12
3=12 Megger Stator, Field, Main & Pilot Rxe \ 4.0 » 39.84 36.20
3-13 Install Scroll Case Lighting 1.0 2 8.07 9.56
a3 Install Seaffold 1.5 4 19.11 23.84
5-18 Dummmy : - - - -
6-19 Remove Draft Tube Gates 2 3 22.62 26.80
7-18 Durmy - - -
8-18 Dummy - - - -
9-18 Durmy - - - -
10-18 Dummmy - - - -
11-18 Durmmy - - - -
12-14 Main Field - Clean for Pole Drop Test 3.0 2 - 2k.21 28.68
12-18 ©  Exciters & Cubicle ~ Clean & Inspect 3.0 2 .2k.21 28.68
13-15 Turbine Gate Clearances 5.0 2 - k0.35 47.80
ik-16 " Pole Drop Teat 2.0 . 3 _ 25.80 25,06
15-17 Cavitation Measurements - Grease Check, 5.0 2 40.35 k7.80
Plezometer Checks, ete.
16-18 Inspect Rotor & Stator - Visual . 1.0 2 8.07 -11.3
17-18 Gov Rundown - Pump Settings, Btrokes, etc. 6.0 3 67.86 - 80.40
18-19 Tripping Tests ) 2.0 2-3 19.92 18.10
19-20 Remove Clearance & Water Up 4,0 1.2 22.68 35.20
20-21 Run Governor SBtebilization Chart 1.0 3 n.31 13.40
21-22 Perform Overspeed Test 0.5 2 k.05 RS ]
0.5 on 5.98 h.52

2223 Voltage Regulator Checks

# 1 Elec, 1 Engr « Test Branch
#% 2 Rlec, 1 Engr - Test Rranch

-—

'™
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used in the missile silo network. The time estimate for each activity
is shown above the activity arrow.

Activity time estimates.--Fizure 5 was next enalyzec to estzblish the

time estimates for each activitly. These estimates zre showm in Table 5.
In addition, slack time was computed for each activity thzt is not on
the critical path. HNote in Ficure 5 that the eritical rath is shown by

leying it out on the horizontal aiis.
J

Time-scaled network.--As the next sved in the networx analysis,
plannefs Prepared a time-scazled network to forecast manpower epplication;
the netwvork and man-loading diagram is shown in Figure €. This prelimi-
nary man-loaéing Plan éid not satisfy the planners. It revealed that
twenty-four men would be required to accomplish the inspection. How-
ever, this number of men wes required only for a short time during the
early stages of the inspection. The big jump in manpower requirements
came because six activities were started when event 3 had taken Place.

Figure 6 was modified to take adventage of the slack time that was
aveilable in nine of the netwoxi: Taths. In Figure T note that several
activities were scheduled lzter in the inspection process. By distributing
these subtasks evenly throughout the Job the planners significantly
reduced the total manpower requirerent.

Anélysis of the application.--In this application of the network

analysis system planners reduced manpower requirements from twenty-four
men to an inspection crew of six men, plus three specialists thet would
be hired for only a short duration.

At first glence the inspection of a power Plant sppears to be much
too simple a task to warrant the use of the network analysis system.

Yet even so simple & Job as this wes more easily visualized and planned
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TABIE 5
L o CIARK ETLL NETWORK AMaLyezs =TIME ESTIMATES 16
1. o © 2 3 A 5 6 7
© JUB.. . .. DESCRIPTION TIME E.S. E.TF, L.8, L.F. SLACK
:G=1 Varm Up Unit - Operate on System 2.5 o 2.5 0 2.5 0
1.2 Unwater and Clear Out 3.0 2.5 5.5 2.5 2.5 0
2<3  Open Bus Ducts 0.5 5.5 6.0 5.5 6.0 0
-2k Open Penstock 0.5 5.5 6.0 5.5 6.0 0
2-5 Change Governor 011 4.0 5.5 9.5 21,5 25.5 16
2-6 Dewvater and Inspect Draft Tube 3.0 5.5 8.5 20.5 23.5 15
3T _  Gen Air Blast Breaker - Clean & Inspect 2.0 6.0 8.0 21.5 23.5 15.5
3-8 Gen Neutral ACB - Clean & Inspect 2.0 6.0 8.0 21.5. 23.5 . 15.5
3-9 Measure Gen Air Oaps 1.0 6.0 7.0 22.5 23.5 16.5
3-10 Headgates = Megger & Check Controls 1.5 6.0 7.5 22,0 23.5 16.0
3-1 Megger Auxiliary Equipment . 2.0 6.0 8.0 21.5 23.5 15.5
3-12 Megger 8tator, Field, Main & Pilot Exciters k.0 6.0 10.0 13.5 17.5 7.5
3-13 Install Scroll Case lighting . 1.0 6.0 7.0 6.5 7.5 0.5
bo13 Install Scaffold 1.5 6.0 7.5 6.0 7.5 0
5-18 Durexy - 9.5 23.5 23.5 23.5 1k
6-19 Remove Draft Tube Gates 2 8.5 10.5 23.5 25.5 15 -
7-18 Dumngy - 8.0 23.5 23.5 23.5 0
8-18 Dummy . - 8.0 23.5 23.5 23.5 15.5
9-18 Dunmy - 7.0 23.5 23.5 23.5 16.5
10-18 Dumzy - 7.5 23.5 23.5 23.5 16.0
1n-18 Dunmy - 8.0 23.5 23.5 23.5 15.5 -
12-1% Main Field - Clean for Pole Drop Test 3.0 10.0 13.0 17.5 20.5 7.5
12-18 Exciters & Cubicle - Clean & Inspect 3.0 10.0 13.0 20.5 23.5 10.5
.13-15 Turbine Gate Clearances 5.0 7.5 12,5 7.5 12,5 0
14-16 Pole Drop Test 2.0 13.0 15.0 20.5 22.5 7.5
15-17 ‘Cavitation Measurements - Orease Check, 5.0 12.5 17.5 12,5 17.5 - 4]
Plezameter Checks, ete. - .
16-18 °  Inspect Rotor & Stator - Visual 1.0 15.0 16.0 22.5 23.5 7.5
©17-18 Gov Rundown - Pump Bettings, Strokes, etc. 6.0 17.5 23.5 17.5 23.5 0
18-19 Tripping Tests . . 2.0 23.5 25.5 23.5 25.5 0
19-20 Remove Clearance & Water Up k.0 25.5  29.5 25.5 ©  29.5 [
20-21 Run Gov Stabilization Chart 1.0 29.5 30.5 29.5 30.5 0
21-22 Perform Overspeed Test * 0.5 30.5 31.0 30.5 31.0 (4]
22-23 Voltage Regulator Checks 0.5 31.0 31.5 31.0 31.5 0

2.8, ' Earliest Start
E.P. Earliest Finish
" L.8, Iatest Start
LT latest Finish

BIACK = The time any given job BaY be delayed before it affects project campletion time.
Bubtract Earliest Fintsh, X.7., from Iatest Finish, L.7. :

. - o N 'T'éIbij.,mi’
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through the networking technique. Not only was the mﬁnpower requirement
significantly reduced, but many hours of time were saved by this graphical
analysis of the inspection process. The report of this analysis noted
that the inspection time took about fifty-six hours during the preVious
year's inspection.l9 When the analysis was completed, the final schedule

reflected an inspection time of about thirty-two hours.

Summary
The Corps of Engineers has deﬁonstrated that the network analysis
system is a very useful tool for pPlanning and scheduling field work.
The procedurg is quite versatile and has many applications,

Contractors have used the networking technique to their advantage
. On numerous government pfojects. In general, netwvorking aided planners
to properly identify all project subtasks, to simplify scheduling and to
forecast problem areas before they occurred. Networking imrroved the
work efficiency and reduced project duration.

The network analysis system has been introduced in planning for
engineer field operations. In a very limited way, at least, both
Seventh and Eighth Army engineers now use the technique to aid in plan-
ning engineering tasks, | |

The network analysis system has been publicized within the Cdrps
of Engineers for about three years. Egch day new applications are found

wvhich demonstrate the broad applicability of the system.

191pb1d., p. 3.



CHAPTER III

THE FUICTIONS OF THE FIELD ARMY ENGIITER

Introduction

Accounts of engineer assistance to the Americen 4imy in +the field
cate baclk to the time of the Revolutionary War. Throush the yeers the
engineer has becdue identified as a special s%aff officer in the field

In 1540, as the threat of war hung over the Torth American Continent,
the Var Depart;ent published vhet nirht be +ermed the rodern-Zay coxncert
of the engineer's functions. Basically, the engineer wws rade respcnsible

to plen, schedule and contrel =211 engireer ectivities in the commanc.

His supervisory role was lirited within the guidance prescribead by the
cormenéer. However, he was exrpected to Plan all construction and
destruction activities undertal-en in the field. He became his own
supply officer. Survering and mapping remained a part of his Jjob. Ang,
he was expected to perforn technical inspections of captured engineer
equipment., HEe wes the camouflage expert for the command., In addition,
he was responsible for the reconnalssance of roacds ‘and bridces and
assisted in preparing highway signs and formulating other traffic regula-
1

tions.

The engineer wes the chie” advisor to the cormander and staff on
engineer matters. He entered World War IT as & special staff officer.

In contrast with this staﬁus, the engineer in the field arzy soon found

1u. S., War Department, Staff Officer's Field Manual, ‘FM 101-5
(Washington: U, S. Government Printing Office, August 10, 1940), pp. 21-
22.
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that he had reny responsibilities that required him to cormend engineer
tréop units. One simple answer to the probler was published in February
19h3. In revriting Army Regulation 100-5, the Army directed that the
engineer, unéer the direction of his cormanding officer, would cormand
those engineer troops assigned to the unit that were not Turther assigned
to a suboxrdinate comms.neler.2

The rmatter of corrand versus staff functions seemed %0 be settled.
However, the following year Tield Manual 5-6, changes number L, stated
that in corps and higher echelons, the-engineer would act only as g
special staff officer znd have no comiend :E‘unction.3

In Jenuvary 16L8 Army doctrine once again modified the cormand
function of the corps and fiela army engineers. In addition to their
staff functions, each wes given the responsibility to command =11 engineer
troops not assirned or sttached ©0 subordinzste échelons.h Today the
engineer at division and higher echelons is both a staff officer and g
commander.

The overall role of the arwy engineer has kept pace with modern
technological =zdvances. Functions spelled out iﬁ the 1940 edition or

Field Manual 1C1-5 have been updated in both terminology and substance.

For exemple, tolay the engineer assists the cormander in planning for the

2y, S., Var Depertment, Corps of Incineers General Provisions,
AR 100-5 (Weshincton: U. S. Government Printing Office, February 12,
194%3), p. 3. ‘

3U. S., Var Department, Enoinesr Field Manual, Operations of Ingineer
Field Units, FM 5-6 (Washington: U. 5. Govermment Printing Office,
April 23, 1943 with changes no. b4, 16 December 15kk), par. 3b.

by, S, Department of the Arry, FM 5-6, loc. cit., changes no. 6
21 January 1948, par. 3b.

2
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use of atomic Gemolition munitions.? World Var TT proviced a wezlth
of experiences upon which current doctrine is based. In the European
“heater si: armies were fielded by the United States. In the Pacific
three armies were activated.
Fortunately engineers as 2 group are quite prone to write about
their erperiences; and, for the most part a researcher will discover

that the operations of engineers in World Var IT were well Cocumented,

World Wer II Functions

' General

In VWorlé War II combat engineers provided close support to the
tactical units by Providing the general functions of construction and
destruction. This support was echeloned from the front lines to the field
arwy rear boundary, thus it embraced the entire Combat Zone.

‘hen e Cormunications Zone existed behind the Comtat Zone engineers
assigned to the Advance Section (ADSEC) worked closely with the field
army engineers. Often the ADSEC engineers worked forward into the
Combat Zone constructing porss, railroads, power lines and petroleum
distribution facilities.6 The theater policy emphasized that engineer

support would be pushed forward aggressively into the area of the next

lower engineer, by the higher engineer., But notwithstanding this was

5U. S., Depertment of the Army, Engineer Troop Organizationé and

Operetions, FM 5-1 (Washington: ' U. S. Government Printing Office, May
1981), p. 18.

6U. S., Forces, European Theater of Operations, Communications
Zone, Advance Section, Engineer Section, "Activities Report of Engineer
Section,"” 13 July 1945, p. 1.




56

the policy that each engineer vas responsible for the accomplishment

of 211 work in his area.7

Engineer Work in the Luropeen Theater

Cenersl.--In the European Theater of Operations engineer support was
provided by one of two methods--area support or task assignment. Generally
support was provided on an ares basis by esteblishing an "enginéer work
boundary" that was usvally Torward of the administrative boundary. Eow-
ever,‘at times it was more practiecal to provide support on a task basis;
In this latter case the engineer at thé higher eéhelon assumed full
responsibility for the completion of the task.8

Svpport at the division level.--The division engineer performed a

dval role. Doctrinally he was the engineer special staff officer to the
division éommandér and a2lso commanded the engineer troops assigned or
attached to the division.

“he division engineer was an operator who performed many diversified
functions; the following are representative:

(1) Coordinated all engineer combat support within the division.

(2) Commanded and supervised all engineer troops within the division.
Norma1ly one engineer combet battalion was organic to each division.

(3) Advised the cormander and staff on all engineer matters.

(4) Providea engineer intelligeﬁce, engineer supplies, water and
maps. |

(5) Recommended action to obtain engineer support from the corps

and army engineers.

Tu. S., Forces, European Theater of Operations, The General Bozrd,
"Reports of the Generzl Board," Study No. 72, 20 December 1946, Chapter 7,
P. 39.

8rpid.
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(6) Prepared the engineer portions of division blans and orders.9
Division engineer troops performed many tasks. Usuzally they were
Placed in direct support of the regimental corbat teams. Yet, at tiﬁes
they were attached to the infantry énd armored uvnits to enhance the
overall control of an oreration. The following list contains typical
divisional engineer functions that were performec in the European
Thezter:
(1) Vaintenznce of roais and bridges.
(2) Construction ané rerovel of obstacles and mine flelds.
(3) Support of assz t units in river-crossing operstions.
(4) Assistance in preparation of defensive positions.
(5) Commitment es inf'antry.lo

Support at the corps level.--The corps engiheer generally performed

a2 dval role of both cormander and steff engineer. KHe had few admini-
strative functions and spent the majority of his time engaged in providing
close engineer support to the committed divisions. In addition he had
an area responsibility, for he coordinated all engineer work in the
corps service ares,

The corps engineer worked quite closely with the army engineer,
often conducting limited operational Planning in conjunction with field
army engineer planning.ll

Several types of engineer units were normélly attached to each corps;

9William A. Carter, Jr., "Employment and Staff Procedures of Engineers
with Division, Corps ané Army" (lithographed, 15 March 1946) (Colonel
Carter was the First Army Engineer from May 1oLk through October 1945),
p. 2.

lOIbid., p. 6.

]‘lrbido, ppo 13-180
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some of these included engineer group headquarters, combat battalions,
light ponton companies, heavy ponton companies, treadway bridge companies,
light equipment and duzp truck companie% and & topographic company.

The corps engineer further attached his engineer units to the
commanders of the engineer group headquarters. The groups normally
received and sccomplished ares type missions. They supported the cormitted
Civisions by constructing 211 tactical bridges, maintaining‘the main supply
routes, preparing defensive position% and executing some genersl constrﬁc-
tion.12

Support at the field army level.--On the plains of northern Europe

the field army engineer habitually direeted the efforts of the engineer
units that were not further assigned or attached to ﬁhe corps or divi-
sions.13

Aside from this cormand function, the army engineer was the Principal
advisor to the commender on engineer métters end served on his special

staff. Perhaps his ma jor funection was to blen engineer effort required

" for future operations. Supply requirements were directly related to

operational planning and he logically directed tﬁe Procurement, storage,
and issue of engineer surplies to all army units.,

Each army engineer étaff section was modeled after the Prescribed
table in TOE 200-1. By late 194k the table wes awended and the engineer
section was expended to an authorization of twenty-nine officers and
forty-three enlisted men.lh Army Field Menual 5-5 DPrescribed the follow-
ing army engineer staff organization:

(1) Commend: The army engineer and his eXecutive officer.‘

l2Ibid. . l3rbido, Po 30.

by, S., War Department, Headquarters Arny, TOZ 200-1 (Washington:
U. S. Government Printing Office, 26 October 1G44).
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(2) Executive Stafr:
(2) Administration and Perconnel Section,
(b) Intellizence and Mzp Section.
(c) Operations snd Treining Section.
(¢) Transportation and Supply Section.
(3) Zngineering Starf:
(2) Roads Section.
(b) General Construction Section,
(¢) Miscellaneous Field Ingineering Sectiontd

“he staff organization prescribed Tor the army engineer section wes
quified somevhat by each of the army commanders in the field. Generalily
the size of the engineering staff was increased and in some cases the
functional breskdown of the steff was remarkably changed.

The army éngineer had an area type combat support mission to perform
in the army service area, yet his engineer units backed up‘the corps
engineers with close and continuous support. From one to several engineer
combat groups operated ﬁnder the ammy engineer. In addition; he had an
engineer service group to provide supply and meintenance services, truck-
ing services, and additional bridging capability.l6

It's not surprising to see that the army engineer augmented his
authorized staff, because, besides controlling several engineer group

activities, he also had several miscellaneous units under his direct

control. These units performed a host of special services, such as

15y, s., Wer Department, Engineer Field Manual ineer Troops,
FM 5-5 (Weshington: U. S. Government Printing Office, 11 October 1943,
with changes no. 4, 18 Novemwber 1944), par. 23.

l6Ca.rter, op. cit., pp. 36-37.
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operation of the army map depot, topographic services, camouflage
assistance, water supply, field surveying, and fire.fighting.

Each of the nine overseas field army engineers developed his own
approach for executing his comand and staff functions. Thé engineer
staffs were organized for work in order o face the unique coordination
and control functions that existed in their respective theaters.

Presented in the following sections are brief outlines of some
aspects of field army engineer operations in wartime. No attempt is made
to preéent'a comprehensive summary of the army engineer history; to do
so would ?equire a separate paper, which is beyond the scope of this
thesis. Viewed as a group the following accounts of army engineer func-
tions help to provide a clearer undérstanding of just what this engineer
does in a theater of operations.

The First Amy Engineer.--The First Army Engineer, Col. William A.

Cafter, Jr., modeled his staff after the guide in Field Manual 5-5. Hov-
ever, he added a separate map section and relieved the intelligence
section of this function.l7 .

Colonel Cartervwas a proponent of sound and complete operational
planning. He provided his staff with detailed check 1ists to aid them in
Preparing estimates and operation plans.

The selection and establishment of the Amy Road Net was an important
and.time consuming task.18

He assigned work to his engineer combat groups on an ares basis and
used a special radio net to speed the transmission of orders.

Road maintenance was a major task for the army engineer troops.

Brpia., p. 58.

1Tmb14., p. 30.
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Yhen the First Army exploited +the St, Lo breakthrough in August 194k
about 62 bercent of the erngineer effort was devoted to road and bridge
work. 19

By Jenvary 1945 army engineer units were occupied in the replecement
of bridees, removal of obstacles, winterizetion of hospitals and road
reintenence, 20 Severai gravel pits and saw rills were operzted in suprort
of these orerations.

The S-3 Section prepared Plans for many engineer projects, and kejt
the plan for the Army Road et vp to date. ZEngineering designs were
corpleted for bridges, buildings,and Prisoner of war stockades.

The First.Army crossed the Frine River on 6 March 1945, Engineer
advance planning for the operation was begun in Septerber 19kl 2nd con-
tinved until the Fhine River was crossed.al Much of the advance Planning
was focused on the identification of supply requirements that could not
be met in the theater.

Colonel Carter, with a staff of thirty-three officers and fifty-one
enlisted men, had operestional cormand of four engineer combat groups

and one engineer service group.22

The Third Army Engineer,--Brig. Gen. John F. Conklin, the Third

Army Engineer, had close control over his army engineers, He issued orders

19y, S., Forces, European Theater of Operations, First Army, Engineer
Section, "After Action Report, First Army, 1-31 Aug 4, Engineer," n. d.,
P. 2.

20y, S., Forces, European Theater of Operations, First Army, "After
Action Report, First Army, 1-31 January 1945," Appendix 2 to Sec III,
21 Apr b5, p. 77. :

21y, S., Forces European Theater of Operations, First Army, Office
of the Engineer, "Report of the Rhine River Crossing," May 1945, p. 43.

egcarter, op. cit., p. 36.
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directly to his troops in the name of his commander,‘ His problems were
comparable with those of the First Army. That is, he was under constant
Pressure to keep the lines of communication open and provide close support
to the rapidly advancing Third Army. ‘

In January 1945 the Third Army was responsible for 11,000 miles
of road. By March 1945 there was a serious shortage of engineer troops.
General Conklin finally resorted to the use of pPrisoners of war, quarter-
master truck companies, civilians, and an engineer general service
vregimenf to augment his army engineers in road maintenance operations.23

In river crossing operations army engineer troops followed behind
the corps engineers to help expand the crossing sites. Ammy engineers
éonstructed semi-permanent type timber bridges to replace the corps
tactical bridges.2¥

The Ninth Army Engineer,-~The Ninth Army Engineer, Brig. Gen.

R. U. Nicholas, exercised operational control over all assigned engineer

troops that were not further assigned or attached to subordinate units.
His army engineer section was established with seven sections--

S-1, S-2, 8-3, S-4, Roads, General Construction, and a Map Section.2?

Engineer planning was conducted by the Roads and General Construction

23y, S., Forces, European Theater of Operations, Engineer Service,
Final Report of the Engineer, European Theater of Operations, 1942-1945
(Paris: Horne Et Fils, 19&93 Vol. I, Secondary source material was cited
because primary source material could not be located to support the
statement, p. 299.

2y, s,, Forces, Buropean Theater of Operationé, Third Army, Office
of the Engineer, "Functions of the Army and Corps Engineers in River
Crossing Operations,” Letter E0.800 GNMCR-5, Hq, Third Army, 31 July 1945.

25u, S., Forces, European Theater of Operations, Ninth Army, Engineer
Headquarters, "Standing Operating Procedures, Army Engineer Headquarters,"
8 July 194k, o
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Sections, In addition, these *wo sections assiéted the army engineer
in project control--they inspected projects, meintained progress cherts,
and tebulated report data.26
Zibensive operationzal planning occurred in the arryy engineer
section prior to each new army operstion, generazl movenent or regroupment.27
Hinth Arry engineer planning for the Fhine River crossing of March 1945
is discussed in some detail in Chepter VI of this voper.

The Fifteenth Avmy Engineer.--The Fifteenth Army became operational

on 30 March 1945 vhen it took over that portion of the First and Ninth
Army arecs west of the Fhine River.28 The army engineer staff engaged
in seversl aspects of planning; these included, preparation of a barrier
Plan for the Rhine River, compilation of road and bridge data, evaluation
of engineer intelligence, and planning for the redeployment of engineer
supply depots.29 30 As the wer in Burope drew to a close the army
engineer directly controlled about 2,000 engineer troops; the remzinder

were under the control of the corps engineers.3l

Engineer Viork in the Mediterranean Theater

The Fifth Army Engineer.--The Fifth Army Engineer Section was

organized in Janvary 1943 under the direction of Col. Frenk O. Bowman.

26Tbid., pp. U-6. 2TTbid., p. 6.

280. S., Forces, European Theater of Operations, Fifteenth Army,
"Fifteenth Army After Action Report, Period 30 Merch-30 April 194s5,"
Sec. III, p. 1.

2%Loc. cit., inclosure no. 6, p. 1. 30Ibid., . L.

31y, S., Forces, European Theater of Operctions, Fifteenth Army,
"Fifteenth Army After Action Report, Period 1-31 May 1945," Engineer
Section, p. 1. o
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From this time until the arry landed on the coast ofvitaly in September
1943 the engineer section conductéd extensive operational planning.32
Several plans were Prepared to support landings at various Tlaces in the
vieinity of Sarcinie and Italy. Fovever, only the plan for the lancding
at Szlerno was executed.33

-,

ingineer plans for this oreration, called Opersticn AVALAIICEE,

Presented a detailed analysis of encineer supply requirements. The
rlenners spent considerable tire eralyzing the landing beaches, exit
routes inlend, and the nearby airfields.3lL tngineer intelligence officers
proviced the commender with information on the leniforms, cormunicsztion
net, weter subply;and pert facilities.’

In Operation AVALANCHE the ermy engineer supported a two-corps
atteck (with nine divisions ensaged in securing the Salerno bridgehezd).
Two engineer general service regiments and several separate units partici-

‘pated under the cormand of the armmy engineer.35

Colonel Bowman controlled his engineer resources throuch a small,
closely knit staff. He chose ©or his staff men vith wide experience and
versatility. Ke felt that senior plenners had to be farmiliar with engineer
logisties, intelligencg and engineer troop units.36

The ammy engireer habitually prepared plans which searched deepr into

the enery rear esreas. Suprly requirenents were broad in nature; yet, as

Torecasts, they permitted timely requisitioning for the future operations.

32y, S., Forces, Mediterrenean Theater, Fifth Army, Engineer Section,
"Engineer Eistory, Fifth Arry, Mediterrsnean Thester," vol. I, 1945, p. 3.

BZM. 3’4%‘}. P’ l’" 35Ibidc, Po 5.

36v. S., Forces, "Ingineer Fistory, Fifth Arry, Mediterranean
Theater,” loc. cit., vol. II, p. 265,
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Several categories of Plans were developel. in the ermy engineer

section; they inecluded +the following aspects:

(1) Zavice to the cormander and staff on future operations--~terrain
studies, estimetes of requirements and rovie enalyses,
(2) Studies of river-crossing sites, routes and obstocles.

(2) Long~range studies %o identify logistical regrirements,
1 o N ‘ 2
(4) “reperation of encinser operation plons,~

The Seventh frry Tmoineer,--The Seventh Army planned angé successfully
eiecuted the liberation of Siecily early in 1¢h43, ZEngineer orperztional
Planning was deteiled and vell coordinated. The amy engineer, Col.

-

Carrison H. Devidson, staried his Plenning efforts by relking several
assumptions. For eimmple, he assumed that arry engineers would provide
&ll necessary repair and construction in Palermo Harbor throuch IH6O.38
Estimates were then made to “orecast the workload. Aerial photographs
helped considerably. Missions were tentatively drawm up and 2 list of
reguired engineer units was Prepared. In addition, a chronology was
made to plan the phased transfer of responsibili@y between various
engineer units. Finally an engineer troop list was prepared.39
Colonel Davidson's Surply Section drew up supply requirements for
such items as Bailey Bridge sets, mine detectors,and bulk fuel storage

tanks,

The engineer plan for the Sieilien campailgn contained the following

3TWilliam P, Jones, Jr., "Engineer Planning at Field Army Level,"
The Military Engineer, Hov-Dec 61 (the author was chief of Colonel
Bowvmen's planning staff in Italy), pp. bh2-13,

38y, S., Forces, Mediterraneen Theater, Seventh Amy, Office of the
Engineer, "Engineer Report, Sicilian Cempaign,” 18 September 1943, p. 1.

3%bid., p. 5.
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rather comprehensive aspects:

(1) Assumptions, based uvpon a phased tacticel situstion.

(2) lMissions and m2jor tasks to be accormplished,

(3) Orgenization of the army engineer section.

(4) Task organizetion for engineer troops.

(5) Control ratters.

(6) Lists of eguizment +hat would brobably bhe captqred intact.

(T) “he construction outline Flan which gave project assigmments
and svpply data.

(8) liscellaneous guidonce on the use of labor, funds, real estate,

and supplies.ho

Engineer Worl: in the Southwest Pacific Area

General.-~The limited &ITy size operations in the Southwest Pacifie
Lree during World War II were in contrast with the lerce land-mass army
operations of the European Theater. In the Pacific the wer was fought as
a series of islend-horping cempaigns,

The engineer Planning and control functions hag slightly different
aspects in this areg compared with those functions Previously discussed.
In the Pacific the army engineer provided mostly advence Planning, and

rerely influenced the action once an operation cormenced. Assault forces

no lerger than a corps was the norm. And, the combat support of tactical
forces was controlled by elther a corps or division engineer,
Seldom an operator, and even less frequently = commander, the army

engineer devoted a good deal of his effort to operationzl planning and

logisties.

AOU. S., Forces, Mediterranean Theater, Seventh Army, loc. cit.,
inclosure no. 1.
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Each objective area was somewhst unique from all others. As 2
result, detailed plans were required and supplies had +o be identified,by

reo L 2 s o . L . <
quantcivy, type, and in e specific order for arrival. Steging and
r2s5urply areas vere generelly located seversl hundreds of miles from an
ovlective arez., In many operations Liberty ships provicec floating supply
stocks.

“he Zixth, Tighth end Tenth U, S. Arries operated in this aresz in
19k: and 1045, Some zcecounts of the army engineer activities are
discussed below.

The Sixth Armv Zngineer.--The Sixth Army rade the first landing in

the Philippines near Taclotan on Leyte Island on 20 October l9hh.h2 The
landing site was 1,500 miles from the nearest engineer supply base--in
iew Guinea. To compouné the logisties probler, army engineers had only
one month to plan for tke operation.

Two fundemental missions had to be planned for the Leyte operation-=-
construction of airstrips with other base developrent, and support of
the téctical forces.h3 The firal engineer Plan was unique in that it
made a special point of phasing engineer troor units into the objective
area.

Engineer troop units exployed on Leyte included one amphibious

brigade, twenty-five construction battalions and about forty separate

b1y, S., Forces, Southwest Pacific Arez, Sixth Army, Report of the
Luzon Campaign, 9 January 1945-30 June 19k5, vol., IV, Engineer, n. d.,
Pc 220 ’

keTpid., p. 1.

43s, D, Sturgis, Jr., "Enéineer Operations in the Leyte Cempaign,"
Part I, The Militery Encineer, Vol. 39, Fovember 1947, p. L1,
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units. These troops made up about 22 percent of the total troop
strength.hu |

On 19 September 194k, while operational planning for the Leyte
campaign was still not completed, the army engineer started pleanning for
the Luzon operation. Time was at a premium and a large planning staff
was quickly gathered. The army engineer staff with thirty-eight officers
and forty-three enlisted men was augmented by a planning group from the
52024 Engineer Construction Briga.de.u5 With this large complement engineer
planning for the campaign was detailed-and precise. Supply planners dis-
covered that some critical items were either aboard ship on the way to
the theater or still in the United States. Therefore, the phese-in of
supply ships was an important part of planning. Unfortunately, some ships
arrived with critical supplies "bottom-loaded"; others héd supplies that
were needed in two or three iocations at the same time. Ports in the
United States tried to meet the Sixth Army requirements, but it was a
difficult chore for while the Leyte operation was still in progress
Mindoro Island was invaded on 15 December 194k, Then, on 9 January 1945
major elements of the army invaded Luzon Island;h6 The shortage of
bridging requirements actually delayed the Luzon operation, for the
required treadway bridge materials were not in the theater when
rec:;_u:i.red..l"7

By April 1945 the engineer staff of Sixth Army had grown to forty-

bhrpsq.
L5y, S., Sixth Army, "Report of the Luzon Campaign,” loc. cit., p. 7.
¥1pia., p. 22.

YTBrig. Gen. S. D. Sturgis, Jr., Sixth Army Engineer, "Conference
Notes," Hq, Sixth U. S. Army, 5 May 1945, p. 1.




69
nine officers and sixty-two enlisted men.""8 General Sturgis hed
serarated engineer design work from his Pplanning subsection, convinced
that detailed design of important structures must Progress concurrently
‘L " . I 1o
with short-renge planning.”>
The Luzon operation lasted until 30 June 16ks5, During the lest four

ronths one engineer constiruction group worxed directly under the control

- s ~n 50 . R . -
of the Sixth Arny staff.”’” This group spent most of its tine repairing

The Eighth Ammy Encineer.--On 26 Decerber 194l the Cormander-in-

-

Chief, Southwest Pacific Ares divected the Eighth Army to assume control
of combat unité of Sixth Lrmy thét were located in the Leyte-Semar ares
of the Philippines. The arrmy miséion wes to destroy the rerm2ining hostile
ferces and, in addition, to prepzre troops for future operations with
the Sixth Army.ol
The engineer work on Leyte was being accomplished by units‘located
in two corps. The army engineer, Col. David M. Dunn, provided the necessary
coofdination. Engineers improved roads and rebuilt bridges.52 The
shortage of equipment and repair parts plagued the engineers. Likewise,

a long rainy season made +he engineer tasks seem like endless chores.

480. S., Forces, Southwest Pzeific Area, Sixth Army, Office of the
Engineer, "Engineer Section Reorganization and Personnel Requirements,"
(memorendum to the Chief of Staff, 18 Apr 45), p. 1.

49Tbid., p. 3.

50U, S., Sixth Army, "Report of the Luzon Campaign. . .," loc. cit.,
P. 221,

51y, S., Forces, Southwest Pacific Area, Eighth Army, "Report of
the Commanding General Eighth U. S, Army, on the Leyte-Samar Operation,
26 Dec 448 May bs," 1945, p, 2.

2Tbid., p. 53.
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From early 1945 until hostilities ended on 20 August ﬁhe Eighth
Army Engineer Planned and provided support during numérous mop-up
operations throughout the Philippines.53 He provided engineer unit
commanders with engineer intelligence, issued construetion requirements,
and often suggested plans of action.sh

The Tenth Army Engineer.--In the initial engineer Planning for the

Ryukyus Campaign, the Tenth Army Engineer, Brig. Gen. George J, Nold,
made detailed estimates of engineer requirenents to support the tactical
forces. In addition, he forecast the base development constructions
requirements. Requests for engineer troop units were msde upon completion
of this two-phased planning task.

Overall, only TO percent of the requested engineer strength was
provided. The shortage of both shipping space and engineer units
contributed to the predicament. Consequently, several construction units
were placed in support of combat operations and the base development
suf:f‘ered.55

Combat engineer support consisted of the construction of beach
landing facilities, tenporary ports, roads, bridges, demolition work,

and airfields.ss Base development work cormenced as soon as possible.

53y, S., Forces, Southwest Pacific Area, Eighth Army, "Report of the
Commanding General, Eighth Army, on the Luzon Mop-up Operation," 1946,
p- 30

MU, S., Forces, Southwest Pacifie Area, Fighth Army, "Report of the
Commanding General, Eighth Army, on the Palawan and Zamboanga Operations,”
1945, p. 11k,

o5U. S., Forces, Pacific Ocean Areas, Tenth Army, "Report of Opera-
tions in the Ryukyus Campaign, 26 Mar 45 to 30 Jun 45," Chap. II, sec. X1,
Engineer, 3 Sep 45, p. 2.

0mbia., p. 15.
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Supplies were phased onto the island in zccordance with the construction
p'z'ogramﬁ'r At the pesk of the engineer work approximately 31,000 troops

58

were engaged in some type of engineer work,

The Korean Ver Functions

The Eighth Army Engineer, 1950-1053,--Encineer trocp units were at

a prerdium Curing the early stzges of the Korean ar. Those that were
avelileble supported the tactical operations. During the first with-
drayval action mine Tields and demolition work received top priority. In
- the defense of the Pusan perimeter engineers fought as infantry and
Drepared extensive foruvificetions. In the offense and pursuit of the
Horth Koreans the engineers cleared obstacles, restored the roads, and
constructed highwey and railrcad bridges.59

Engineer units were still scarce in November 1950 vhen the Eighth
Army executed a pursuit to the Manchurian border. During these hectic
deys the army engineer had only two construction battalions attached %o

€0

his headquarters.
The peak engineer work in Korea ceme in 1951. One engineer combat
group was attached to each corps, and three engineer construction groups

-worked directly for the army engineer.6l The army troops improved roads,

5TIbid., p. 10. 58Tbia.

>9Paschal N. Strong, "Engineers in Korea-Operation Shoestring," The
Military Engineer, vol. 43, Jan-Feb 51 (Colonel Strong was the Eighth
Army Engineer in 1950-51), p. 11. '

60Thia.

61paschal T. Strong, "Army Engineers in Korea," The Military Engineer,
vol. kb, Nov-Dec 52, p. LO7.
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constructed flood-proof hichway bridges and rebuilt railroad bridges.62

The army engineer, Col. Paschal N, Strong, conducted extensive
advence plenning to forecast logistical requirements and prepare con-
struction plans for reopening the lines of cormunication. He also
established the policy for engineer construction. Even before the
hostilities were suspended, new-construction for base developzment was
lirmited by speciiic dollar values.63

In retrospect, the engineer cctivities in Korea were guite similar
to the island-hopping campaigns of WorldVWar I71. vEngineer resources
vere limited and the employment of troop units was, in priority, first
in support of the fighting, and secondly in support of base development.
The arry engineer, slightly removed from the fighting, maintained an
overell perspective of the battle end conducted detailed advance planning
to support future operations.

The Eighth Army Engineer, 196L.--By time-frame 1964 the army

engineer had reorganized his staff into five sections--zn Administrative
Office, Construction Division, Operations Division, Program and Budget
Division and Real Estate Division.6h Staff actioﬁ was geared to the
tempo of the Cold Wer and a good dezl of effort was spent on post
engineér type activities. However, the Eighth Army Engineer continued
to conduct operational planning.

The Operations Division of the engineer staff developed contingency

62Tpid., p. LoS8.

63U, 8., Forces, Pacific, Eighth Army, "Engineer Construction,”
(directive to subordinate units, AG 600.1 KEN-C), 4 December 1952.

6hCapt. Paul Bazilwich, Jr., Chief, Mepping and Intelligence Branch,
Operations Division, Office of the Engineer, Eighth Amy, Personal letter
to the thesis author, 3 Dec 6k,
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Plens for wartime operations. For example, war plans include detailed
instructions for the following types of engineer work:

(1) Construction of floating bridges.

(2) Replecement of railroad bridges destroyed by enery action.

(3) Zirfield repair and expansion.

(4) Pipeline construction.

(5) Over-the-beach operations.

(6) Cenersl construction to support advancing elements.

(7) Denial and retercation plans.65

Advence planning wes based primarily upon resources that were
available in Korea. Long-range plens for some time after D+180 included

the tentative ellocation of resources from outsice the theater.66

Current Doctrine

Funetions
Amy doctrine spells out the current functions of the field army
engineer. In the theater of operations the field arry engineer has
retained the combat support functions previously discussed. However,
two new functions have béen added. First, the arrmy engineer advises the
corrander in plenning and ueilizing atomic demolition mv.nitions.67
Secondly, and most recently added, is a new concept in organizetion and

cemmend--the amy engineer will cormand the army engineer brigade.68

: 6SBrig. Gen. Harry G. Voodbury, Jr., Personal letiter to the thesis
author. (In 1964 General Voodbury returned from Korea where he was the
Eighth Army Engineer), 16 Lovember 19kk,

66Tbid.

67u. 5., Department of the Army, ISncineer Troop Orsenization and

Operations, FM 5-1 (Washington: U, S, Govermment Printing Orfice, May 1961), |
P. 10, o

68y, S., Department of the Army, Nondivisional Engineer Combat Units,
FM 5-142 (Washington: U. S. Government Printing Office, September 196%),

DPe Te
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The concept of the army engineer brigade is part of a Proposed

reorganization of units in the field army service areé aimed at realign-
ing the doctrine of combat service support. Consequently, the combat
service support functions of the field army engineer have been signifi-
cantly reduced. He no longer controls supply and maintenance units as

he did in World Var II. Under COSTAR-Combat Service to the Army, a field
army support cormand (FASCOM) will now DProvide the supply and maintenance

services previously furnished by engineer technical service units.69 70

Organization

The revised functions of the army engineer are outlined in Field
Manual 5-142, Aated September 1964.TL His brigade headquarters and |
headquarters company is organized under TOE 5-101E which is still in
draft form.72 However, the brigade concept is doctrine because TOE 5-101
is specifically discussed in Field Manual 5-142. TOE 51-1D, Headquarters,
Army, remains the authoritative document for the army engineer section
until such time that TOE 51-1E (draft) is published.T3

The brigade concept establishes a commander and staff to direct

and control engineer units in the army service area; and, it provides an

69U. S., Army, Combat Developments Cormand, Combat Serviece Support
Group, "CO-STAR II (24 Revision),™ mimeogrephed, 17 December 1963,
Pp. J-1 to J3.

70U. S., Army, Combat Developments Command, Combat Service Support
Group, "CO-STAR II (24 Revision), Annex L-A, General Support Group
(Functionalized)," mimeographed, 29 October 196k, p. L-A-I-9.

710. S., Department of the Army, FM 5-1k2, op. cit.

T2y, S., Department of the Aimy, Headquarters, and Headquarters
Company, Engineer Brigade, Army, TOE 5-101E (draft, 106k).

730. S., Department of the Army, Headquarters, Army, TOE 51-1E,
(arart, 1964). ‘
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additional staff as the army engineer section in the field army headquarters
The brigade headcuarters and headquarters company consists of thirty-five
officers and eighty-one enlisteq men. Thirty-seven of these Fersonnel
are in the army engineer section.7h

The organizational concept is outlined‘below:

(l) Brigade headquarters--it consists of the brigade cormander,
seven officers and the brigade sergeant major,

(2) Company headquarters--it consists of one officer and fourteen
enlisted men to provide coumand end support services for the healdquarters
company. |

(3) Administration Sect tion--it consists of nine men, under the
supervision of the brigade adjutant,

(L) Intelligence Section--this section consists of one officer and
five enlisted men under +he direction of the brigade intelligence officer.

(5) Operations Section--this section consists of six officers ang
nine enlisted men under the supervision of the brigcade operations
officer. The section woris very closely with the Arm- Enginesr Section
to prepare estimates, plan% end orders for the employment of subordinste
enrineer vnits.

(6) Supply and Meintenance Section--it is under the supervision
of the brigade supply officer and consists of one officer ang niné
enlisted_men.

(7) Communications Sections--this section consists of thlrteen
enlisted men under the brigede signal officer. It operates the brigade

communications center.

THTOE 5-101F (areft), op. cit.
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(8) Aviation Section--this section extends cormand and control to
widely dispersed points.' It consists of two officers and four enlisted
men.

(9) Army Engineer Section--this section is under the direct
supervision of the deputy army engineer. It consists of seventeen
officers and twenty enlisted men. The deputy army engineer represents
the ammy engineer at army headquarters. He and the staff assist the army
engineer in executing the following staff functions:

(a) Advises the army commander and staff on engineer matters.

(b) Conducts operational planning and coordinates engineer
support activities. |

(e¢) Coordinates engineer intelligence and topographic work.

(d) Assists the general staff in the prepamtioﬁ of estimates,
' plans, and orders.

(e) In conjunction with the army engineer brigade staff,
Prepares the engineer annexes to army plans.

(f) Provides the staff for the Engineer Element in the Field

Army Tactical Operations Center.'-{S 76

Resources
In his capacity as brigade cormender, the army engineer will
Probably have numerous types of engineer units under his command. Exact
types and quantities will vary according to requirements and availability.
In a three-corps army, Possibly the following units would be attached to
the army engineer brigade:

(1) Three headquarters and headquarters companies, engineer combat

group.

Tompia. Téu. s. Department of the Army, FM 5-1h2, op. cit., pp. 8-9. |
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(2) Nine engineer combat battalions.
(3) Nine engineer float bridge companies.
(4) Three engineer light equipment companies.
(5) six engineer panel bridge companies.
(6) Three engineer dump truck companies.!'

Employment of the combat support units.--Under current doctrine

field army ehgineer units will be employed in much the same way as they
supported tactical operations in World War II and Korea. In future wars
army engineers will probsbly expend the majority of their efforts on
maintenance of lines of communications, support of river-crossing
operations, and barrier and denial operations. These engineers specialize
in ﬁumerous aspects of engineer combat support supplementing the efforts
of the corps engineers. In turn they can expect the close support of
Communication Zone engineers.

Summary

The field army engineer should be & man of many talents. Not the
least of these is his faculty as a field engineer. He does many Jjobs
and acts in several capacities in his daily contﬁcts_with both commanders
and staffs. He is many things--a forecastor, estimator, advisor, planner,
logistician, organizer, commander, and most of all, a coordinator.

During World War‘II the armmy engineer performed his duties under
various combat environments. One of his most difficult and time-
consuming functions was planning for future operations. Seldom did he
have sufficient time to identify and gather all the resources that were
needed to accomplish the engineer mission. As a result he did with

less than he wanted but usually managed to accomplish his mission through

TTIbid., ». 5. _
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hard work and ingenuity.

In Korea the army engineer faced an adverse climate, rugged terrain,
and an enemy who usually managed to obliterate the lines of communi-
cation as he withdrew.

By current doctrine the army engineer is both a commander and a
staff officer, In future wars he will be assisted in his work by a
‘functionally organized brigade staff and numerous combat support units.
Working together, they will provide an integrated engineer effort in

support of the army in the field.



CHAPTER IV
OPERATIONAL PLANNING BY THE FIELD ARVY ENGINEER

General

Engineer planning is a responsibility of engineers at all echelons
of command. At the field army level the engineer is concerned with both
the current operation and fﬁture requifements. His ability to plan
effectively and forecast future requirements accﬁrately depends upon his
capability to, create and control a responsive and productive Planning
staff.

During wartime operations army engineers develop procedures and
organize staffs to facilitate timely planning., Historical files care-
fully preserve the fruits of detailed wartime Planning--the engineer opera-
tion plan. However, little has been written which documents the'planning
methods and techniques that were used to produce the plans.

The remainder of this paper is devoted to a.review of planning
methods and procedures. In Chapter V a doctrine is developed which

suggests a technique to guide the field army engineer in operational plan-

- ning. Chapter IV prepares the groundwork for the doctrine, Initially,

Planning theory is considered in some detail because the tools and methods
of planning are much better understood when & framework of theory has been
established.t Subsequently, some well known engineer planning techniques

are reviewed and related to operational plenning.

lPreston P, Le Breton and Dale A. Henning, Planning Theory (Englewood
Cliffs, New Jersey: Prentice-Hall, Inc., 19615, P. 115.

7Q
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The Concerzt of Arry Plenninc

Definitions.--Planning is +the zct of devising a rethod for doing

-

something or achieving an objective, Plenning is ereative in nature; it

irplies the use of imeglinetive sizill to produce a schere of future zesion.

It

1=

nvolves a systematic exeminetion of the situation to identify &all the

factors invoived in the proposeld oreration.

Planning is closely related <o fcrecasting.2 “he planner attermpts
to predict future actions of people and orcanizations. He also forecasts
future conditions., In light of these factors he drafts sufficient courses
of acvion to satisfy all pcssible corntingencies. Then, éach is ernalyzed
in view of forecasted acversities and the desired resulté. The planner
chooses the most feasible course of action as the basis for his concept

£ the proposed operation.,

Planning transforms a rudimentary concept into a plan. It aims to
identify what is to be done, where it is to be done, when it is to be
done, vhy it is to be done, who will be responsible for doing it or seeing
that it is done, and in broad terms, how it is to be done.

Planning prepares the groundwork for other mahagement functions.
During the early planning stage certain concerpts and relationships come to
light and develop into a framework for organization. Planning is nourished
by good coordination between each individual in the planning committee,
Directives are drafted, staffed, and upon approval, disseminated in final
form. Planning develops the means to control an operation. Normally a
plan sets the standards and Prescribes reporting procedures. The entire

management cycle is defined by the. planning function.

2Tpbid, p. 8.
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The fruits of Planning, a plan, must have three basic characteristies.
"First, the plan must involve the future, Secondly, it must involve action.
Finally, there must be an element of Personal or organizaeticnal identifi-
cetion or ceusation."3 lMore concisely--2 plan is the proposed organizetion
of people and things +to perforn a future action.

Operational Plenning is the act of devising an operation Plan for a
future battle or ceripaign action. It is conducted in an atmosrzhere at
least slightly removed from the Tast termpo of battle, Sterting at a high
level in 2 military field command, broad.concepts are disseminated to the
field ammy or army group. They visuelize and Dropose zn operation. The
concepts may outline an operation waich will extend over significant time
and space.h Assumptions may be identified, The planning concept can
cover a single operation, or a series to be executed simultaneously or in
succession.5

At cor@s and division, staffs are generally so involved in the actual
Tighting that it is difficult for them to visualize and Plan far into
the future, However, at field arry level the staff is sufficiently removed
from the fighting to conduct long-range planning.A Consequently, opera-
tional planning is habitually accomplished at the field arny staff level,
and at lower levels intermittently.

Operational Planning leads to the development of a plen that may not

be executed for several months. The plan is carefully documented. It will

3Bﬁd” P. T

by, S., Arry, Corps of Engineers, The Engineer Board, Guide for
Encineers of Army end Higher Headquarters, Project Mo. 8, 23 April 1951, p. 53.

U. S., Department of the Ammy, Dictionary of United States Army Terms,
AR 320-5 (Washington: U, S, Government Printing Office, 28 February 1963),

. 268,
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be preceded by detailed and corprehensive estirates end studies., Special
stef? officers trenslate the estirctes into specific resource require-
ments. Procurement zction czn be initizated on the basis of these forecasts,

Operational plamning is coordinated s the Zssistant Chief of Staff
G3, Ogeraiions, Eowever, az recards the field aryrv éngineer, this staff
cificer will cooxdinate rany operational ratters =1so with the Assistant
Chief of 5tas, Cl, Logistics.T

Orgenizing for planninc,--Ls noted in Chapter III, the Zielcd army

engineer is provided by T. O, 2nd E. with the steffing capability to conduct
extensive orerational pianning. Eow the staeff is orgzenized for vork is
left to him. Several varistions are possible.8 Ee may choose to create
& perrenent subsection to earry out long-range Planning while the remainder
of the staff concentrates on current operations. For unique operations,
a temporary planning group mey be created to procuce a specifiec plan,
Or, he mey take one section and instruct them to conduet both short -range
and long-rsnge planning. Realistically, he may choose to use all of these
techniques, emrloying any one 2t the most appropriate time,

A‘planning organization involves many people in the field arry. These
individuals are not =211 congregated at the army headquarters. Planners

are scattered throughout the operational area, and accomplish several

bWilliem A. Carter, Jr., "Employment and Staff Procedures of Engineers
With Division, Corps and Army" (unpublished menuseript, 15 March 1946),
P. 43. Colonel Carter was the Engineer, U, S. First Army, European Theater
of Operations, from May 194l through October 1045,

Tu, S., Army, Corps of Engineers, The Engineer Board, "Guide for
ineers of Army and Higher Headquarters," Project No, 8, 23 April 1951
5 > 2
P. 33.

8. s., Amy, Command and Gemersl Stars College, Staff Organization
and Procedures, ST 101-5-1 (Fort Leavenworth: U, S, Army Cormand and
General Staff College, June 196L4), p. T9.

P
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Planning functions, such as:

(1) Gather data for a plan.

(2) Furnish data.

(3) Analyze and consolidete dzta.

(4) Conceive idees.

(5) Prepare drzt plens.

(6) Arprove plens.’

Organizing for work is not sirply the preparation of an organization
chert. The proper integration of all availzsble planning effort is an
exacting subtesk of planning;

Communications,-~The army encineer needs to devote considersble thought

to the problem of cormunications in Plenning. Effective cormunications is
a result of the communicator!s ability to transmit his thoughts to the
comrunicatee. Multiple means are aveilable for engineers to transmit

data within the field army area. Certainly not the least importent is
berson-to-person contact. In developing his planning organization the
field arry engineer needs to Prescribe both oral gnd written techniques for

the effective cormunication of clear, concise and accurate data.

The Dimensions of a Plan
4 plan has a definite beginning and a definite end. It characteristi-
cally involves the future, people, and action. Its heart is formed by a
course of action chosen as the concept of the operétion. But a plan is
not necessarily sketchy nor incomplete. On the contrary, it is normally a

comprehensive document which visuslizes the conduct of an operation from

9Le Breton, op. cit., p. 255.
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start to finish. A good plan hes several characteristics, these
include; 10 M

Mission orientation.-~A plan must outline 2 concert of operations

vhich directs all effort towerd the accomplishment of a svecific mission.
A plen focuses attention on the prime objective.

Completeness.--A plan mus®t ineclude all the detziled facts. The

omission of just one significant aspect can spell fzilure. Thus, planning
is enhanced by the use of check lists and standing procecures. Under sfress
the human mind might fail to recall pertinent aépects of a planned action.
Standard forms and procedures reduce the probability that important con-
siderations aré omitted; they also simplify the publication of instructions.

Forecasts contingencies.--A plan nmust identify all reasoneble eventu-

alities and conditions that may bear upon the success of the mission--
assurptions, friendly situation, enemy situation, weather, terrain, and
all feasible courses of action.

Resourcefulness.--A plan is resourceful. It provides a worksble

scheme to skillfully employ the available resources--nen, machinery, materieal,
equipment, and time. A ?lan mey identify reserve resources to enhance its
flexibility.

Continuity.--In a complex vlan, particularly, the sequence of mile-
stones must be clearly identified so thet the overzll plan has one meaning-

ful purpose. All efforts are integrated and work toward that goal,

Prescribes sound organization.--A Plan outlines the union of individuzls

and units to accomplish work. It establishes a clear structure and inte-

gration of effort to produce a harmoniously functioning organization. When

mpid., p. 23.

1, S., Amy, Command and Generel Steff College, ST 101-5-1, op. cit.,
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en existing orgenizetion is incorporated into o plen, either the exdsting
orzanizational siructure is accepteld as adequate or cogent changes are
recorxzended,

Procedural,--~ plan generally rrescribes o rethod for accomplishing
the selected course of zetion. A Plen mey prescrite the stondards of iork
and setv srecificctions for the gquality of the finzl produet. It ney
eipand upon steanding operating procedures. In additicn, it mey provide
a tine schedrle to celimit the wori.

Decentrolicetion,--A Plan provides for the assignment of functions

and tasks which zre carefully Cistributed within +he orgenization. It
also provides Tor the reximum delegation of authority consistent with
equitable control.

Provision for control.--A Plan provides an adequate systenm of checks,

reports and reviews to assure managenent thet the project will be executed
in accordance with the current concert.

Provision for Coordination.--£4 Flan provides for adequate communication

betvween all elements of the orgenizetion., It stimglates the interchange
of ideas both before znd curing executicn; and, it produces a channel of
action for the free interchange of thoughts between leaders. Through
adequate coordination leaders are more knowledgeable of the situation, can
make more intelligent decisions, and apply resources most effectively.
Flexibility.--A plan must ieave roon for the modification of the
concept when conditions change. Alternate courses of action are usually
considered in planning. Flexibility is increased when alternate Plans are

appended to a basic operation plan.'

Quality.--A plan possesses a literary quality that is consistent with

the principles of effective militery writing. It must be comprehensive
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vet sizple, oné coneise but clearly written. It also nust provide for
he logiezl snd zeeurate rresentaticn of the subjiect metier.
Zeconcmical.--4g o genersal ruls, 2 plan sheould vield the merimum
cr tle resources used. 1In rezcetine Farcicularly, +he militery
P-aces sirnificent erghesis tzen ovtaining the greatesi_rettrn for each
celler coent., In warbtime cosis 1cs2 scre of their sirnificcnce as teeti-
cilezns concentreie on the 5Cb 0f Zefectine the enery. Iowever, eccneny of
orc: is = prineciple that theyr dare not ignore. In wortime resouvrees Qf
every tyre ray be in lirmited SUprly, and conservaticn cf effort vill be
rarticularly meaningful.

Authori:ation.-~Legal ené corgpetent authority must establish a Plen

and verify its authenticity.

.

Classificaticn.--4 Plan must receive g Proper identification to insure

broper safeguarding. It is grouped according to its sensitive nature or

the scope of defense security information it contains.

Formulating an Operational Plenning Procedure

Ceneral.--The execution of long-range plannihé should be preceded by
the establishment of an orderly plenning procedure. Proper and complete
Plenning results from g systeratic and detailed exemination of gll the
factors involved in a proposed operation. The higher the headquarters, the
greater is the need for anticipating future action through systematic and
habituzal planning.l2

The following Planning sequence is taught at the U, S, Army Commandv
and General Staff College:

"(1) Forecast to determine Probable cormitments.

Lrvid., p. 77.
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"(2) Examine probable commitments and establish priority for further
preparation. ‘ ' '

"(3) Study implication of commitments to determine assumed mission.
"(k) Analyze mission to determine mission tasks.

"(5) Determine guidance.

"(6) Prepare Planning studies to develop outline plan,

"(7) Test feasibility of courses of action and select a course of
action.

"(8) Prepare complete plans.

"(9) Conduct rehearsals."L3

A second approach to Planning is also taught by the College. It
consists of a procedure which phases planning tasks. Phasing is often a
sound method for ordering a sequence of planning tasks. ZEach phase con-
tains a specific aspect of the planning cyecle, However, there may be no
clear cut time delineation between Phases. Some may occur concurrently.lh

These two approaches have been integrated by the author. The follow-
ing outline places the doctrinal Planning sequence into perspective with
the phasing technique:

Phased planning tasks.--

(1) Preliminary phase. Prior to the receipt of a planning directive
accomplish the following tasks:
(a) Forecast probable commitments. ‘
(b) Renk probable commitments in rriority for further study.
(¢) Determine an assumed mission--what must be done and when.

(2) Initial phase. Upon receipt of a Plenning directive accomplish
the following tasks:

131bid. . 1bpia., p. 8o.
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(2) Anelyze the mission ond Getermine the rajor tasks as well
as the prime objective.
(b) Determine plannine ruicance.

(e) Prepare plenning studies and gather cata.

(e) Recormend e course of action.

(3) Preparstion phzse. Ugon receirt of the cormancer's decision
rrepars com;lete Plans. A logieal method should be used to Cetermine the
tasks, procedures and resources *hat rust be combined to accorplish the
mission.15

(4) Approvel rhase. Coorcinate to obtain a cormand review znd
approvel of the plan,

(5) Publication phase. Publish the plan, Mzke the appropriate
dissemination.

(6) Execution Phase, Assist subordinate echelons with the completion
of their plans and the conduct of rehearsals. Complete all pre-H-hour
actions.

It is importent that adequate time be allocated to each phase of this
rlanning sequence. Time must be set aside to effect proper coordination
at all command echelons. In addition, subordinates at each echelon must
have time to react and complete their Plans.

Phasing planning tasks Provides a comprehensive Procedure for developing
an operation plan. Planning is not an easy nor automztic process. However,
" phasing reduces the uncertainty by‘forcing the planner to integrate time

with the total planning task at hand.

151bid., p. 79.
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Engineer Operational Planning

General.--Engineer operational planning is not governed by a unique
set of precepts. It generally follows the sequence described above to
answer the guestions of what, who, when, where and, at times, vhy a
projéct is to be accomplished. In addition, because of its analytical
nature,_engineer opefational Planning often answers the question of how
something will be done.

In the theater of operations, the army engineer prepares advance plans
for the allocation of engineer combat and combat support resources.l6
Operational planning is conducted in the field army engineer section, in
the engineer brigade znd in the engineer group. Progressively more detailed
Plenning is accomplished a2t lower echelons by the individual who will be
responsible to execute a specific project.l7

The latest army doctrine prescribes that the field army engineer will
have a dual role--he not only serves as the field army staff engineer, but
also commands all engineer troops attached to the army engineer brigade.18
But in either role, he is vitally conecerned with operational Planning in
some degree of detail., His Planning function can be subdivided into two
categories--preliminary engineer planning and detailed engineer planning.

Preliminary eﬁgineer planning.--The scope of preliminary engineer

Planning is quite compatible with the first two steps of the phased planning

16U. S., Department of the Army, Nondivisional Engineer Combat Units,
FM 5-1k2 (Washington: U. S. Government Printing Office, September 196L)

P. 9.

17U. S., Department of the Army, ineer Construction and Construction-
Support Units, FM 5-162 (Washington: U, S. Government Printing Office,
August 1 K3 po ‘13-10

18y, S., Department of the Army, FM 5-1k2, op. cit., p. T.
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seguence outlined in the Preceding section of this chapter,

Preliminary engineer Planning requires the continuous forecasting of

o - .
future requlrements.l’ With the 2id of guidance from the ccrmancer and

staff, the field army engineer exanines probable cormitments ané establishes

Planning priorities. Preliminary estimstes ave rzde and pertinent infor-
ration is pass=d to the commander ond his staff,

Upon receipt of 2 Planning directive +the engineer anclyzes the mission

— &

to identify »Hoth its specified and implied tasks., 3Defore proceeding, the
engineer seeks to establish the following general data pertainine +o the
fortheoming operation:eo

(1) Restetement of the mission.

(2) Location of the rroject.

(3) Starting end tarzet dates.

(L) Additional resources avthorized.

(5) Data pertaining to logzistical support.

(6) Esteblished Priority or cormand emphasis.

(7) Control ana reporting data.

Continuing his Planning sequence, the engineer gathers the following
facts which are pertinent to the project:

(l) Theater of operations Policies and objectives which may influence

his selection of a course of action.

(2) Technical literature.2l

1pia., p. s6.

20y, S., Department of the Army, Manasement; Utilization of Engineer
Construction Equipment, T 5-331 (Washington: U, S. Government Printing
Office, November lé32>, p. 8.

21Tbid.
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Concurrently, the engineer directs his intelligence_section to reke a
detailed study of the site of the broposed operation. The following are
o)
exarrles of data that may be accumilated and collated:

(1) Site location terrain studies.

(2) Road and rail net stucies.

(3) Data on weather end climetic conditions.

(L) Facts on the avellebility of local resources.

(5) A4n estimate of the enery situation and his probable interference
with the proposed operstion.

snother study identifies available resources in terms of manpover,
equipment and materials.s3 The resource of time is also analyzed to
discern its impact on both the planning and execution Phases of the operation.

The preliminary part of engineer planning is concluded with the Pprepara-
tion ol an estimate of the situation. The estimate ties all the data
together and includes the development end analysis of selected courses of
action. Appendix C shows a sample formet for the engineer estinmate of the
situation.

Depending on the scope of the Troject and the headquarters at which
it is coupleted, the engineer estirate ray be either detailed or gquite
brozd in nature.

When the cormander has approved a course of action,the engineer will
immeciately direct procurement action for the additional resources that will
be required. His atiention will be focuseid on resources that may have to

be transported from outside the +thezter.

i

inal encineer rlanninc.--The second broad category of engineer plenning

22Thid., p. 5. ' - 23Tbid., p. 10.
=D1Cs, - T=R4G.,
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aims to develop a complete operation Tlan for the forth;bming project.
Initially, broad planning guidence is issued to subordinste engineers. The
army engineer staff will develop detailed plans +o suprort a2 major opera-
tion. Centralized planning relieves the corps engineer and the army
engineer group cormanders of some of the Flanning burden. Also, centralized
planning assures the army engineer of centralized control during exeéution,
and proper coordination of all planning effort.

Final engineer planning consisis of six aspects:

(1) Preparation of specifications and designs.

(2) Idehtification, analysis ané ordering of subtaslks.

(3) Identification of total resources required.

(4) Scheduling.

(5) Preparation of a reporting and control system.

(6) Completion of the operation plan or project directive.gu 25

The field army engineer staff is equipped to prepare plans and specifi-
cations for construction projects. In particular, unique structures and
structures of particular cormand interest may be designed at army level.
The engineer ultimately responsible for supervision of the project will
complete the final design drawvings and specifications.

The second énd third steps in final engineer planning may present some
problems to the army engineer and his planning staff. The identification,
analysls and ordering of all the subtasks involved in the proposed opera-
tion requires a keen insight of the total job. This visuzlization of the

Project from start to finish may be an extremely difficult mental exercise.

24y, s., Department of the Army, T™ 5-331, op. cit., p. 1C.

25y, S., Department of the Army, Post Construction and Rehabilitetion,
TM 5-360 (Washington: U. S. Goverrment Printing Office, February 1953),
P. 120,
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Current Army technical end field manuals offer littie explicit guidance
to aid in identifying all the subtasks that must be accorrplished in major
combat engiheering projects. Guidance is available which identifies the
general tasks; however, the method of accomplishing the job is left to either
the planner or the project engineer. For example, Army Technieal Menual 5-331
outlines twenty-one typical construction tasks +het relate to road construc-
ticn.26 The job of integrating these tasks into & construction sequence
and a schedule is left up fo tﬁe rezder.

Zxperienced construction engineers may have only minor difficulty in
visualizing the job seguence for road construction. Projects that are
repeated over and over, and employ essentially the seme resources, are
simple to plan ané schedule. On the contrary, one-time projects, like a
major river crossing or port reconstruction, may be very difficult to rlan
and schedule,

In light of the sketchy doctrine, a theoretical chasm aprarently
exists in the concept of Planning. It occurs in the Planning methodolocy
betwveen preparation of the estimate step end Preparztion of final plans.

The gep is somevhet narrowed by planning doctrine teaugh® at +the U. S.
Arcy Command and Genersl Stef? College.27 One planning method suggests
starting with the final objective and working backward to develop the
required units, orgenizetion, combat service supporg end other resources
that are necessary. The method specifies that the planner visualize the Job
as he progresses backward, and therety identify specific tasks, fime seguences,

conditions, assumptions and the relative placement of resources. An zlternzste

26U. S., Department of the Axmy, ™ 5-331, op. cit., pp. 23-30.

2Ty, ., Army, Command and General Staff College, ST 1C1-5-1, op. eit.,
D. 79. ~
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method is suggested. It starts the rlanner in the present time-frame and
leads him, step by step, throuch the development of ezch subtask to reach
the finzl onjective.

These plerning methods have significant merit yet the plenner nmay
be frustrated through his inzbility o visualize how the subtasks must be
integrated to accomplish the mission. Several questions would arise thet
could defy his ingenuity. The following are representative quesiions:

(1) Vhe: tesks must precede this one?

(2) ¥hat tesks cennot stert until this one is completeds

(3) Vhich tasks can be cone concurrently?

The plenning exercise appears to boil down to the problen of visvalizing
how the sequence will occur,

A hint of edditionzl help is found in Army Field Manusl 5-162.28 In
one short paragraph it suggests that the network analysis system can be
used effectively by the commander and his staff to anzlyze a project
before, during anC after the opera"cion.29

Subsequently, the planner completes his identification of what must
be done. His next step is to identify the total fesources needed for the
project. The task of estimating the requirements for men, matgrials, and
equipment involves the preparation of the following surmeary sheets:3o

(1) Quantity surveys which list each subtask in terms of what work

must be accomplished. The work descriptions are based upon intelligence

28y, s., Department of the Army, FM 5-162, op. cit., p. 13-8.

29This single statement in the field manuel scarcely does justice to
the network analysis system. Although it is a relatively new technique,
the network analysis system has many broad applications in the military.

L}
3%, s., Department of the Army, FM 5-162, op. cit., p. 13-3.
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studies, field surveys and designs,

(2) Viork estimate sheets vhich summarize the resources reguired to
accomplish each subtask,

(3) Equipment requirement schedules which list each of the rajor
Pieces of equipment =nd summerize the detes it is required for esch
subtzsliz,

(h) Labor requirement schediles which identify each categcory of
renpower and units required for ezch subtask., The sheets list who will do
each ta=sk and when the renpover is required during project execution.

(5) Material requirement schecdules which list, by subtask, all the
materials required. This Sumpary provides both quantitative and quali-
tative requirements for each day of the project.

These summary sheets tzke their final form as the Project schedule
1s developed in graphical form. The schedule is the product of the Pplan
of execution that the Planner has devised either in his mind or, prefer-
ably, bn paper. The planner arrances each subtask in the logical sequence
that he visualizes it will occur. EHe balances the available resources
S0 as to accormplish the total task in the least amount of time.3l The
arrengement of task sequences will often be limited by the availability
of eritical items of equipment or certain Job skills.

In construction_scheduling two prineciples guide the planner:32

(1) As soon as pbssible, start the job that will take the léngest
to complete.

(2) Keep resources on one Jjob as long as Possible; avoid moving men

and equipment back and forth between subtasks,

31U, S., Department of the Ay, ™ 5-331, op. eit., p. 12.

32Tbia,
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Figure 2, Chapter 1, ‘epicts a semple construction cperations
scheduie and progress chart.33
Regardless of how much ceteil is built into a schedule it must be

leld ous in scme presenteble formet so as 1o assure the Planner that he

“he procelure just describel is particularly appliceble in planning

P oA . -\-i

& construction project. Admitiedly, the sequence ulte Cetailed, At

|J
(7]
Q

the other end of the plannirg spectrm there will be times vhen plenning
is rather general in nature. Sometimes the field arny engineer will com-
rlete his plenning simply by visuvalizing the subtasks reguired and then |
assigning‘combat support anc construction missions to his encineer combat
groups, or the corps engineers, and tziloring their organizations by -
attaching or detaching corbat batitalions and separate companies.3h

The next step in final engineer planning is the preparation of a
system of reports to 2id in controlling project execuﬁion. Progress
reports assure the engineer of the following facts:35

(l) All units ere working together toward the Primery objective.

(2) Commenders are making the intelligent use of resources, priori-
ties and delegated authority.

(3) The engineer staffs are properly coordinated and integrated to

support the decisions and requirements at all levels.

(4) The project is proceeding according to schedule.

33Ibid., p. 15.

v3hU. S., Department of the Army,‘Field Service R ations, Larger
Units, P 100-15 (Washington: U, S, Goverrnment Printing Office, December
19637, p. 28.

35U. S., Government, PERT Cqprdinating Group, PERT Guide for Management
Use (Washington: U. S. Govermment Printing Office, June 1963), p. 31.
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Prosress reports measure Performance agzinst the standards that were
set in the engineer plan and +he operations schedule. The system of
reports should be only so detailed so as +o give the army engineer an
adequate picture of the field activivy. 4n excessive amount of daily
brogress reporting will only hinder the field commanders in accbmplishing
their Jobs.

The plan for reporting project status right include the following
reports:

(1) Spot reports which are made by electronic méans, or in person.

(2) Daily production reports which list bProgress made on each major
subtask.

(3) Cumaative production reports which show the total accomplish-
ments on each major subtask from the start of the project to date.36

Standing operating procedures can be used effectively by the engineer
in planning project controls., A uniform procedure can often be established
for reporting many construetion projects. In addition, construction
policies'and standards can be disseminated as standing procedures.

A plan for personal inspections might be outlined during this phase,
Staff inspections supplement personal inspections by the field army engineef.

Together, control measures set the standards, aid the engineer in
measuring progress, and provide adequate facts for him to make intelligent
and timely decisions. They permit the army engineer to manage by exception.
Consequently, the routine work Progresses under the supervision of sub-
ordinate leaders. However, when actual progress differs significantly from

the plans and schedules, the army engineer can step in and redirect the

activities so as to best acecomplish the mission,

36uU. S., Department of the Almy, T 5-331, op._cit., pp. 19-20.
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The final step in engineer planning produces and disseminates the
engineer operation plan. |

The field army engineer Prepares the engineer annex to the field army
operations order.3! A standard formet is used--The Standerd NATO Agree-
ment Number 201k, Operations Order-2d4 Edition.3S |

The engineer ennex specifies engineer missions fqr the army engineef
brigede cormander and each corps cormander. Instructions are in sufficient
deteil to insure that each mission is corpletely understood. The engineer
annex may include an engineer operation>overlay to grarhically portray
a portion of the instructions.

Orders to the army engineer brigade commander inelude instructions
to each combat engineer group. However, the brigade cormander may issue
separate instructions to the groups and separate battalions ang companies
attached to his brigade.

A job directive is normally issuediby the brigade to an engineer
combat group for construction brojects. This directive is often guite
general in nature, providing the group commander significant flexibility
in planning the eéact method of execution. The directive authorizes the
commander té reguisition specific materiels and equipment if it is so
stated.. Preliminary or fragmentary specificationé, Plans and bills of
material may accompany the directive,3° Also, it may refer to standard
specifications and drawings contzined in Technical Manuals 5-301, 302 and

303, The Engineer Functional Components System. The overall directive may

37U, S., Department of the Army, FM 5-142, op. cit., p. 9.

2538U. S.y Army, Command and General Staff College, ST 101~5-1, op. eit.,
- Do . ;

3%U. 8., Department of the Army, T 5-331, op. cit., p. 8.
e
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instruct a subordinate commander to present his plan for approval.ho

Summary

The field army engineer plans and supervises the engineer resources
assigned to the field army cormander. He and his steff conduct detailed
operational planning while engeged in day-to-day battlefield operations.
However, this staff is sufficiently removed from the fighting to conduct
long-range planning.

Arny planning follows a general sequence of six phases. These
Phases and the scope of each are briefly summarized in Table 6. DNote in
this table that.the procedure for engineer operational Planning closely
parallels the format for Army planning.

Doctrinally, the Army sequence of planning fails to provide detailed

guldance to assist a planner in developing a method for planning project

- execution. A gep in doctrine seems to exist between the procedure

established for deciding upon a course of action, and fhe next step where
complete plans are prepared. |

Engineer field manuals provide some guidance to Planners to help
them visualize how a project will be completed. In general, they identify
the major tasks to be accomplished in cormon projects; however, the job of
integrating these tasks into a construction sequence and schedule is left
up to the planner. Consequently, a Planner, if he is inexperienced in'
the mission to be Performed, may find difficulty in attempting to‘visualize
how a multitude of subtasks are to be integrated in order to best accomplish

the assigned mission.

40y, s., Department of the Amy, FM 5-162, op. cit., p. 13-1.
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TABLE 6

COMPARISON OF SEQUENCES FO2 AFMY PLANNING

General Sequence of Planning Army

Engineer Operational Planning

1.

2.

Prelirinery Phase. : 1.

8
be
C.

Forecast commitments.
Rank commitmrents.

Assume mission.

Initial Phase.

a.
b.
c.
G
e,

Analyze mission,
Obtain guidance.
Gather data.
Prepare estimate.
Recomménd.

Preparation Phase,

Prepare complete plans.

2.

Aprrovael Phase.
Obtain epproval of plans.

Publication Phase.
Publish plans.

Execution Phase,
Assist subordinates to
rehearse,

Preliminary Engineer Planning.

a.
b.

Ce

d.
Ce
f.
Ee
h.

Final

b.
Ce.
d.
€
f.

Forecast future require-
ments,.

Establish plenning
priorities.

Meke preliminary esti-
mates and render
information.

Analyze zectual mission.
Establish facts.

Gather data.

Prepare estimate.
Recormend.

Engineer Planning.
Prepare designs.
Identify subtasks.
Identify resources.
Schedule.

Plan controls.
Complete the engineer
plan.



CHAPTER V

A PROPOSED DOCTRINZ FOR THE APPLICATION OF
THE NETWORK ANALYSIS SYSTEM IN OPERATIONAL
FLANNINIG BY THE FIZLD ARMY ENGINEER

This chapter proffers a doctrine for the application of the network
ana’ysis system in operational Planning by the field army engineer. The
following doctrine is based unon the fieid army engineer's requirements
to accomplish operational planning. Furtherrore, the technique proposed
is generally compatible with the theory of the network analysis system
discussed earlier. The doctrine combines some features of both PERT and
CPM and tailors the resulting theory to conform with the environment of

a theater of operations.

The Need For A Planning Technique

Lessons from history.--In World War II anc in Korea the army engineer

learned to accept the fact that there was seldom sufficient engineer
resources available to satisfy all his requirements. Because of this
general limitation, each campaign was planned in as much detail as time
and experience accommodsted.

As a rule, most historical reports do not give the reader a keen
insight as to how planning staffs were organized, guided or how they actu-
ally conducted operational planning. However, the reports do outline g
Pattern of the army engineer's plannlng requirements. Generally, the
field army engineer maintained a permanent Planning staff actively engaged

in planning for future operations. Men with the most experience in field

101
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engineering operations and logisties were chosen to supervise the
Plamning staffs. Unfortunately, combat attrition andvthe need to expand
the Army caused a constant drain on the staffs. Versatile and experi-
enced planners were not always available.

Time was often a limiting factor in Operational planning, primarily
because of the long lead-time required to obtain‘materiel from outside
the theater. The sheer magnitude of more complex plans required the
careful integration of many types of resources; planning was a time
consuming task in itself.

None éf the theaters had an endless supply of engineer units, nor
materiel. Priorities were established in many operations to carefully E
regulate the employment of available engineer resources.

What an engineer plan should provide.--The engineer plan for a

future operation should provide a eclear and concise Picture of the pro-

posed operﬁtion. Principally, the plan should show the objectives of the
operation, an outline of a concept of the operation, a list of tasks to

be accomplished, a task organization to execute tpe mission, the resources L
to be employed, a schedule for the proposed work, snd in some instances

a method for executing the plan. The Plan also needs to provide a ?
means for effective communications, coordination of effort, and the

proper control of resources.

How the army engineer plans.--The general sequence of Army Planning,

as outlined in Chapter IV, provides a sound Planning doctrine upon which
the army engineer can organize his own Planning procedure. The phased
sequence of planning is a logical approach to the total Planning require-
ment. In the preliminary pHase the engineer forecasts and ranks his

future commitments and provides initial Planning guidance to his
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subordinates. Timely estimates may show a need for critical materials
and stimulate logistical actions. During the initial phase of planning
the engineer analyzes his mission, obteins facts and guidance, and then
brepares 2 detailed estimate of the situation in order to select the
most feasible course of action for accomplishing his mission. In the
Preparation pnase of planning final engineer designs, methodology and
schedules are produced. Then, upon approval, plans are published and
pre-H-hour activity is completed.

Obstacles to planning.--As discussed in éhapter IV, the doctrine of

Army planning offers limited assistance to the army engineer in his
endeavor to visuezlize a future operation from start to completion. This
aspect of planning can be a eritical problem, particularly on projects
vhere many tasks must be accomplished concurrently. Explicit doctrine
does not exist to assist a Plamner in visualizing how a Job will be done.
Consequently, though a pian is sound in its concept this is no assurance
that it will be both Properly documented and scheduled. It is gquite
Possible that a planning staff could overlook pertinent facts, be unaware
of certain interdependencies among the tasks, or fail to correctly
visﬁalize the sequence of the operation. The denger here is that if
available resources are not productively alloted some tasks will drag
for lack of resources while elsewhere idle resources g0 undetected.

In eddition, incomplete planning could result in the preparation of
haphazard time estimates and ineffective schedules. Poor visualization
of a plan of execution can lead to a needless waste of resources. When
a staff fails to fathom the intrlcacies of an operation, or is pressed
for time, g simple Planning technlque might be the one ingredient needed
"to foster timely and effective Planning.
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The Doctrine

General.--The network analysis system is a set éf procedures and
techniques for the effective Planning of objective-oriented work. It is
a concept which conditions the planner's thought processes and forces
him to analyze the proposed work in considerable depth.

The field army engineer can use this management tool beneficially to
assist himself in creating detailed plans and schedules for a future
operagtion. The system enables him to graphically portray conventional
Planning in such detail as is required to adequately visualize the pro-
poséd action.

The networking technique sugments but does not replace the general
sequence for Amy planning. Specifically, it provides guidance to the
enginéer in formulating detailed methodology, in planning resource and
time requirements, and in scheduling the proposed operation.

Definitions.-~

Prime objective--The most important aspect of an assigned mission;
that goal toward which all Planning is directed; usually the end result
of a project. Example: In a river-crossing operation, the prime
objective could be to transport the tactical unit scross the water gap
quickly and safely. |

Supporting objectivés--A groupment of the major tasks to be completed
in order to attain the prime objective. Example: In constructing e
bridge, the supporting objectives could be completion of the piers, com-
DPletion of abutments, completion of the superstructure,and completion of

\

the approach roads. .

v

Work packages--The catégories of work required to attain a supporting

objective; the skills or specialities of a work force. Example: In
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constructing a bridge Pier, the work Packages could bé the excevation,
form work, conerete work and inspection processes. |

Resources--The men, units, equipment and materials that can be made
availeble at any time to accomplish work. Example: An engineer float
bridge company with its authorized equipment.

Network model--A two-dimensional plan of the steps and sequences to
be followed in achieving the prime objective of a project. The model
consists of events, activities, relationships, resource allocations and
time estimates. Figure 9 shows a sample network.

Event--A specified accomplishment in a Plan; a milestone; a clearly
identifiable point in time to mark the start or completion of a specific
task.

Key event--A key milestone; one of Possibly several events chosen
by a planner for ecareful scrutiny during project execution; a major
accomplishment in the planned work. An event, or key event, is representedk
on a network by a cirele.

Activity--The clearly definable work required between two events; a
task .to be accomplished, to which a Particular quantity of resources
will be applied; the most detailed subdivision of work Packages made by
a plammer in visualizing the operation. Proper identification of all
the activities is the most important aspect of the network analysis
system. An activity is represented on a network by an arrow.

Relationships--The sum total of the affiliations, connections and
dependencies that exist between activities and events.

Latest allowable completion time (Tr,)--The latest allowable calendar
time that an activity can be'c;mplet;d without delaying the completion

of the project. The T, value is calculated by subtracting the sum of the
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estimated times for the activities on the longest path between the given
activity and the end event of the Project from the létest allowable time
for the end event.

Earliest expected completion time (TE)--The earliest calendar time
that an activity can be expected to be‘completed. The Tg value is equal
to the sum of the estimated times for the activities on the longést path
from the beginning of the project to and ineluding the given activity.

Critical path--The longest time-path of interconnected activities
in a network diagram; that time-path in a network which determines the
duration of the planned work.

Slack time--The difference between the latest allowable completion
time and the earliest expected completion time for a given activity in a
‘network. Slack exists in each time-path of a network except the eritical
Path. Slack represents idle resource; its magnitude represents the degree
of scheduling flexibility that exists for the activity with vwhieh it is
associated. |

Procedure.--The sequence outlined below estgblishes a procedure
for the execution of operational Planning by the field army engineer.

The following six phases-of Planning integrate the network analysis system
with the general seéuence of Army planning:

(1) Preliminary phase of Planning.--Prior to the receipt of g
Planning diréctive, Periodically forecast future tactical requirements
based upon logical assumptions or knowledge of tentative plans of higher
headquarters. Next, analyze these requirements and determine Probable
engineer commitments. Rank these probable commitments in a priority for
further study. A

Draft planning assumptions for each DProbable commitment and make a
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Preliminary engineer estimate of the situetion. Execute that logistical
action required to preposition forecasted materiel requirements. Provide
continuous guidance and information to the comnander, his staff and to
subordinate engineer cormmanders.

(2) Initial phase of Planning.--Upon receipt of a planning directive
cormence this phase of planning. Analyze the mission and identify the
prime and tentative supporting objectives.

Seek planning guidance from the cormander and resolve a final list
of supporting objectives. Review the specified and implied engineer
taéks and insure that each is represented by at least one supporting
objective. These supporting objectives outline the scope of the work.
Rank fhe major tasks in their probable order of execution. Note those
tasks which can be completed concurrently. In addition, identify the
dependencies that exist between the tasks.

Identify the work Packages that will be associated with each ma jor
task, and hence must be completed to achieve each supporting.objective.
Identify the engineer units and special equipment that may be needed in
each work package. ‘

Prepare planning studies to obtain intelligence about the terrain,
and enemy as appropriaste. In addition, gather data on time restraints,
material and equipment limitations, personnel shortages, weather fore-
casts, and any other difficulties whiéh are inherent in the general
situation.

With a knowledge of work Package requirements, develop a list of
those units, special equipment and materials that can be made available

for the operation. Consider,al] possible sources. Also, identify the

availability of prisoners of war, indigenous DPersonnel ,and military labor
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Dools.

Prepare an engineer estimate of the situation in‘accordance with
Appendix C, and decide upon the most suitable course of action that will
accomplish the prime objective. Recommend this course of action to the
cormaender and his staff. MNodify the course of action as required by the
cormander's decision. Translate this decision into a concept for employ-
nent of available resources to achieve the Prine and suprorting objectives.

Provide subordinate engineer cormanders, ancé the corps engineers as
applicable, with the preliminary planning guidance required for them to
initiate concurrent planning. As a minimum, provide each commander
with information on the concept of the operation, an estimate of addi-
tional resources that may be made available to them, the eneny situatién,
weather and terrain, and time limitations that have been placed on the
Planning. Indicate whether or not their Plans are to be submitted for
approval. From this point until Planning has been completed stimulate
continuous coordination between engineer planners at all levels.

(3) Preparation phase of Plenning.--Prepare a network model for
the overall project in accordance with the mechanics of network construe-
tion outlined in Appendix A. In choosing the activities thet are to be
Placed in the network, visualize those tasks that can be conpleted by
‘the combined efforts of engineer combat battalions, separate engineer
companies and special engineer detachments. Therefore, do not be biased
in planning by the present organization of each assigned engineer combat
gréup. Tailor the engineer groups as necessary to accomplish the oversll
mission.

When the network is drafted,.apﬁly those resources which are required

to complete each activity in an equitable way. At this point be concerned
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with the apportionment of type units rather than the preparation of a
task organization.

Next, prepare one time estimate of the duration of each activity,
and apply them to the diagram. At the discretion of the planner, three
time estimates may be made for each activity in accordance with Appendix
B; in this technigue an expected time is then calculated for each
activity énd placed on the rodel.

At this point in the planning the network model consists of arrows
representing activities, circles represeﬁting events, several time-paths
of interconﬁected activities, and a notation of the resources and time
required to complete each activity. A sample network is shown in
Figure 9.

Study the network and compute a time-length for each path. Identify
the critical path with a heavy line. Calculate the expected project
completién time. Tabulate the pertinent network data as shown in Table T

Redraw the network by orienting it to a horizontal time scale.
Express this scale in terms of hours,‘days or weeks depending upon the
scope of the work. Draw each activity parallel té the horizontal axis,
if possible. Start each activity at the earliest time thereby placing
all slack time initially in the later stages of the project.

Prepare a unit-loading table and append it to the time-scaled network.
A sample table and network is shown in Figure 10.

Evaluate the network in light of the following aspects:

(a) The expected project duration.
(b) The crifical path and. each activity on this path.
(c) The most time eonsyming activities.

(a) Potential problem areas that masy occur during execution.



110
(e) Location of slack time and the leeway which is available
for scheduling most activities.
(f) Identification of key milestones.
v(g)A The unit-loading requirements.

Consider modifying the network, if possible, to provide a less
costly or a less time consuming plan. First, if the eritical path
esteblishes an undesirably lengthy project time, trade-off excess
resources from slack paths to shorten the critical path. Secondly, take
advantage of the slack time available 6nVVarious paths and distribute
some activities rore evenly throughout the project. In this manner some
reduction can be made in both resource and pessibly time requirements.

A semple adjusted time-scaled network is shown in Figure 11.

Use the network model to schedule the opefation; see Figure 2,
Chapter I. Group work packages with their associated tasks on a bar-
graph type schedule. Check subordinate plans with the proposed schedule
and make necessary adjustments so as to provide a harmonious execution
effort. |

Plan control measures that will be used duriﬂg project execution.
The key milestones previously identified can provide a useful tool for
checking on progress. Establish a system of recurring reports which will
compare scheduled milestone times versus actual or latest forecasted
times. In addition, plan to update the bar-graph schedule and network
model periodically to reflect project status.

Utilize the network model, schedule, and control plan to prepare the
final engineer plan for the operation. Draft the engineer annex to the
army operations order, plus those suﬁplemental directives which are

necessary to guide the army engine;r brigade units.
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(h) Approval phase of Planning.--Coordinate with the general staff
and obtain a cormand review and approval of the plan.

(5) Publication phase of planning.--Publish and issue the engineer
plan. Appropriate annexes should include both a schedule and a copy of
the network model to depiet the concept of the execution.

(6) Execution Phase of planning,--Assist subordinate commanders in
completing their plans., Encourage their use of the network analysis
system. Complete all pre-H-hour Planning requiremenfs and logistiecal

actions.

Sample Application of the Doctrine

A hypothetiecal Planning problem is présented in this section to
demonstrate the mechanics of the Proposed doctrine. The example represents
& considerably more simplified situation than what might be expected in
an actual theater of operations. No attempt has been made to simulate
the often trying conditions of battle. Likewise, only a few engineer-
ing‘tasks are discussed. In an actual situation the army engineer would
Probably be confronted with a much moré complex planning requirement.
His planning work would likely be made more complicated by changes in
work priorities, fluctuating amounts of resource, and disruptions caused
by enemy action and acts of God. The following illustration is purposely
uncomplicated in order to highlight the basie techniques and salient
aspects of the proposed Planning doctrine.

The sketch map showm in Figure 8 depicts a semple plenning problem
in which the field army is supporting two corps in the advance. The
roads drawn on the map have previously been used by the corps as main

supply routes. However, due %o adverse weather, enemy action and heavy
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traffic the roads and bridges are in poor condition.

In this problem the ermy engineer is required fo Plan and schedule
the total army engineer brigade support that 1will be Provided during the
next forty-five days. The G3 has forecast that the Present boundaries
will be displaced forward at the end of this period.

Analyzing the sitvation, the army engineer identifies his prime
objective for the next forty-five days as that of Providing general
support to the army throughout the service area. Five engineer float
bridge companies have been attached to the corps. No other army engineer
brigade units are forecast for cormitment in the corps areas.

Anelyzing his prime objective, the army engineer identifies two
supporting objectives and their associated work backages; they are:

(1) Objective 1: Maintain the Army Road Net.

Work packages:

(a) Rehabilitate existing roads.

(b) Viden existing roads.

(¢) Rehabilitate existing bridges. ‘

(d) Construct additional floating bridges.
(e) Construet additional fixed bridges.

(2) Objective 2: Provide general support to units in the service
area,

Vork package: Construct temporary frame structures.

The army engineer follows the Proposed planning doctrine and develops
a systematic study of the work to be accomplished. He proceeds in Plan-
ning from a general analysis to a specific identification'of his future
comitments. The work packages he identified establish the types of

engineer operations and special ski%ls that will be required to achieve
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each supporting objective.

Hext, he directs his staff to Prepare studies and to obtsin
intelligence about the existing road net, terrain andg drainage systems
in the area. Zngineer reconnaissance repvorts are studied. Unit requests
for general construction are reviewed,

A list of resources is Prepared to identify the major engineer units:
and materials that will be available for this vork. These resources are
available:

(1) Nine engineer combat battalions (abbreviated on Table T as B).

(2) Four engineer float bridge companies, with their bridges (FB).

(3) Four engineer light equipment companies (LE).

(4) Five engineer dump truck companies (DT),

(5) Three engineer panel bridge companies, with their bridges (FB).

(6) Lumber, locally available in extensive forest stands.

(7) Road ballast ang fill, to be obtained from any of several pits
and quarries in the area.

Coordinating with other members of the staff,"the army engineer
prepares a list of the specific tasks that have to be accomplished during
the subsegueht forty-five days. This time period is meaningful to Plan-
ning because the G3 has Previously forecasted that the corps rear boundary
would probably be displaced forwerd by that time. The tasks are shown
in Table T, with an estimate of the unit resources and time required to
complete each project.

Next, the engineer brepares a network model to represent the sequence
in which his work will be accomplishéd. This diagram is shown in Figure 9.
It depicts the total army engiﬁeer combat service support mission. Had

they been required, it might have included such other projects as
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construction of air-landing facilities, pipelines, railroads and port
rehabilitation.

As the network takes shape several Planning factors are identified
by the engineer. In his best judgment these conditions restrict the
menner in which the work can be executed:

(1) Routes A and B, though passable, require extensive repair;
therefore; effort will be spent in rehabilitating each section of road
before proceeding with work to widen that section.

(2) Route Cl, barely passable, will be rehabilitated as soon as
the rehabilitation of Route Al is completed. Route C2 is in fair con-
dition and will not be improved until the rehabilitation of Route C1 is
completed. Finally, Route C widening will begin once the initial repair
is completed for a particular section.
| (3) When Route Cl is rehabilitated the panel bridge at Site 3 will
then Be constructed. |

(4) At each river-crossing site the existing bridge will be
rehabilitated before starting the construction of a second floating
bridge; also, the second floating bridge will be completed before starting
work on a semi-permanent bridge.

(5) The construction of the hospital and PW compound each must be
completed within thirty days.

(6) Work on the projects will generally proceed from west to east.

The above limitations are imposed in this hypothetical problem to
illustrate some of the planning restrictions that could Possibly face
the engineer in the theater of operations.

Using the mechanics of nétwork construction prescribed in Appendix A,

the engineer develops a diagram that depicts an exact sequence of
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operations. The network reflects the precise order in which he wants
the tasks to be éccomplished.

In Figure 9, each numbered event is a specific point ’in time vhen
one or more activities will end, can begin, or both. For example, event
6 signifies the completion of the rehabilitation of the floating bridge
(FB2) at Site 2. In accordance with the engineer's guidance, this event
must take place before construction can start on the second floating
bridge (FB22), In addition, durmy activity 6-9 indicates that event 6
has to occur before event 9 occurs. Event 9 signifies the start of
repairs on Route B2; it cannot occur before activity Bl is completed.

A time-lehgth is computed for each path in the network diagram.

The expected project duration is forty-five days. This is established
by the length of the critical path--events 1, 12, 1h, and 5. Slack time
is next computed and is shown in Table 7.

In Figure 10 the network model is redrawn and oriented to a
horizontal time-scale. Each activity is planned to start as early as
possible. A unit-loading table is also shown in ?igure 10. Studying
this diagram the engineer notes that the plan requires more unit resources
than are available. He also sees that there is not an even distribution
of work throughout the time period.

Not satisfied with his preliminary schedule of work, the engineer
next revises the time-scaled network, as shown in Figure 11, to more
evenly distribute the workload over the duration of the project. The
unit-loading diagram now indicates that the tasks are well distributed
throughout the project, and all units are productively employed. The
work can be completed with the' availz\.ble reséurces. In addition, barring

\
unforeseen delays, all known work will be completed within the prescribed
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time period.

Had the length of the network critical path been prohibitively
lengthy, the arcy engineer could have used some of approximately twenty-
Tive battalion-cays of effort that were not allocated at the beginning of
the forty-five day period. UNote in Figure 11 that there is a buildup of
uni£ allocation to the overall workload. This buildup is depicted in the
unit-loading +table to show that when new work is assigned the factors of
both distance and time may preclude the irmediate employment of all
resources. Plans must provide time for unit relocations as well as for
periodic rest and recuperation.

Figure 11 shows that by D+16 all nine engineer combat battalions will
be fully committed through D+i5. Any unforeseen delay will therefore
result in an extension of the probable project completion date. This
situation helps to point out the application of the network analysis
system during project execution. Figure 11 shows the engineer which tasks
are critical. It also shows, in conjunction with Figure 9, the inter-
dependencies which exist between tasks. Therefore, if delays occur the
network can be updated to reflect the new conditibns. At this time, the
army engineer can make a rapid appraisal of the situation and reallocate
resources, as necessary, to cause the least delay in the project completion.

Another course of action may be available if rescheduling becomes
necessary-~additional resources might be available from sources within
the theater. If so, the network model will be & useful tool in applying
additional resources so as to keep the projeect on schedule.

During execution of this project the axrmy engineer updates his

)

network weekly to reflect trends and forecast problem areas before they

[ N
arise.
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Analysis of the Doctrine's Application -

The previous example highlights some advantages as well as at'least
one limitatlion of the proposed doctrine, when it is used to plan and
schedule engineer combat service support.

At first glancé, the concept of network modeling seems to lose some
of its value when the army engineer productively employs 211 his available
units througnout the course of the project. If +this happens he apparently
has no additional resources available to allocate when unforeseen délays
ocecur. Ordinarily, the network model can be useful to point out where
slack time and corresponding idle resource exists. This particularly
applies to planning research and development projects or contract con-
struction, where variable resources will exist. When the Army engineer's
available resources are rigidly constant he may not enjoy the benefit of
flexible scheduling.

However, although the engineer habitually employs all available unit
resources,‘this does not negate the possibility that he can acquire
additional resources, if needed. For example, resources might be made
available in the following manner:

(1) 1Indigenous lebor.

(2) Engineer units from the Advance Section.

(3) Units which have been diverted from less critical activities
by reducing the scopes of those activities, changing some job specifi-
cations, or by delaying their completion until adequate resource is
available.

| (4) Units which have beén diverted from less critical activities,
whose remaining units are reqnire% to_complete the work with reduced

forces.
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(5) Units which are available for early reassignmént, having
completed their assigned activities ahead of schedule.

In light of this analysis, the netwvorking ‘technique appears to be
of significant value to the amy engineer for Planning schedule revisions,
&s required. The time-secaled network accurately points out those activi-
ties which may be delayed to make resources available for eritical tasks,
without delaying the overall project completion date.

The sample Planning problem also nighlights two other uses for which
the network analysis system was designed-~as a tool to aid in initial
Planning, and in scheduling an operation.

It was shovn above that the army engineer can use the planning
doctrine to develop a methodology for accomplishing his work. A repre-
sentative sample of Planning restrictions were introduced to 1llustrate
ihat operational planning may be guite complex. In this regard, the pet-
wdrk analysis system is Probably most valuable as & planning ‘ool when it
is ﬁsed to plan for a multitude of interrelated requirements. On the
other hand, the technique may not be worth the time and effort involved
if relatively few activities are involved in the total Planning task,

When his basic blan was completed the army engineer proceeded with
little difficulty to schedule the operation. Each activity was scheduled
in light of its relationships with the other work to be accomplished. The
time-scaled network mage the engineer cognizant of the interdependencies
that exist between the activities. The brobability of overlooking planning
restrictions was significantly reduced.

Another identifiable advantage oﬁvthe DProposed doctrine is related
to the army engineer's Plenning enviromment. The doctrine outlined earlier

in this chapter provides the enginfer with a logical sequence for
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accomplishing long-renge Planning. Wartime conditions can bring on
mental fatigue, vhich will inhibit & planner's ability to clearly visu-
alize‘and think through a Proposec operation. The fast tempo of battle
end relsted limited planning time also boint up the need for a thorough

discipline to guide the engineer and his staff in their Planning.

Summing Up

The doctrine broposed in this chapter is based upon the field army
engineer's specific requirement to engagé in continuous long-range plan-
ning. The theory drews from the concept of network analysis as well as
from the accepted Sequence for Army planning. It forms a composite
Planning procedure. The conceﬁt that is proposed forces the army engineer
to conduct very detailed Planning. He must staft with a broad approach to
his planning requirement but proceed zt a rapid pace to identify a host
- of facts about the proposed operation. The planning brocedure establishes
an orderly, though deteiled, approach to operational Planning.

The sequence deseribed above utilizes a fictitious setting to demon-
strate the mechanics of the Proposed doctrine. Tﬂe example shows that
the army engineer can use this planning tool to visualize, Plan, schedule
and control the engineer brigade resources in a combat service support
role. It stresses the use of two types of network model--the first not
scaled to time, and the second oriented to a horizontal time-scale. A
significant portion of the example points up the value of the networks
in scheduling and revising a plan of action.

One general limitation came to light during the Planning sequence.
That is, the time-scaled network cankéasily become an inflexible planning

tool if the army engineer has a fixed amount of unit resources with which
L
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to plan. However, this limitation is somevhat minimized through careful
scrutiny of all sources of labor. It is concluded, therefore, that in
many situations the field army engineer will have some measure of flexi-
bility in planning and scheduling his combst service support operations.
Consequently, the proposed doctrine can be a2 useful tool in plénning,
scheduling,and controlling a project.

Just as an operation's overley graphically deseribes g Proposed
vtactical concept of operations, so can a network diagram describe g
method for accomplishing engineer work. Each in its own way reduces

verbage and is an extremely valuable Planning tool.




CHAPTER VI
TESTING THE DOCTRINE

Background

Choice of example.--The account of the Ninth U. S. Army engineer

orerations in the Rhine River crossing of World War II has been chosen to

Provide a vehicle to test the Goctrine of network modeling., In his fore-

- word to the Ninth Army Engineer revor: of the river-crossing operation,

Brig. Gen. Richard U. Nicholas, Ninth Amy Engineer from 1944 to 1945,
noted that this operation "wes the.object of the most intensive planning
and preparatory effort made by liinth Army waile operating in the Buropean
Theater”,1 The historical account of this action is chosen as a situation
vehicle to test the doctrine proposed in Chapter V.

Intensive preparatory effort.--During a five month period the Ninth

Army Engineer directed the bulk of his Planning effort to preparations
for crossing the Fhine River. Initially his own staff assisted him in
crafting a broad outline of the plan. This action started in October 1GkL
when the Twelfth Army Group Commander established the tentative army
vcrossing limits.

The specified Ninth Army mission included the following aspects:

(1) Effect a crossing between Orsoy and Rees (See Figure 12 in the

next section of this chapter).

1y, S., Forces, Buropean Theater of Operations, Ninth Army, Engineer
Section, "Ninth Army Engineer Operations in Rhine River Crossing,” 30 June
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(2) Construct three floating bridges, a heavy ferry, and a semi-

bermenent fixed bridge at Wesel,

(3) Clear the highway routes through Wesel.2

The army engineer analyzed his mission and formulated three implied
tasks; these were:

(1) Support the crossings of two corps abreast, each with two
infantry battalions in the initial assault,

(2) Construct three additional floating bridges.

(3) Construct seven entimine and antidebris booms.3

These tasks were based on a planned crossing date of 15 December
194k, He surmised that the magnitude of the Ninth Army crossing could be
enlarged if this date was changed to a later date.

On 24 liovember he directed each of the three COrps engineers to make
initial plans for c¢rossing the Rhine in their assigned sector.h At this
time the army commander hag not decided which two of the three corps would
make the atiack., Subsequently, the army engineer helg several planning
conferences with subordinate engineers. These nmeetings provided a free
flow of ideas and led to the identification of many aspects that needed
to be cohsidered in planning.

In mid-December 194k the German Army launched its now famous Battle
of the Bulge. For the next six weeks most of the Planning and training
for the Rhine River Crossing was suspended. A new date for the erossing

was not initially set.

2Ibid., p. 5. 3Ibid., p. 7.

uU. S., Forces, Buropean Theater of Operations, Ninth Army, XVI Corps,
Office of the Engineer, "Crossing the Fhine With the XVI Corps Engineers,"
2 May 1945, p. 2,
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During this period the fluid tactical situation still zept the army

cormander from deciding which corps would make the main effort in cross-
ing the river. Finally, to preciude redundant Planning, on 9 February
1945 the XVI Corps Commander was directed to prepare detailed plans for a
corps size crossing.5 He was told to plan a forced crossing of the Rhine
in the vieinity of Rhéinberg and establish an initial bridgehead.

On 25 February the army engineer issued formal Planning guidance to
the five engineer combat groups under army control. A letter of instruc-
tions assigned major tasks to each group and provided instructions pertain-
ing to supply, training and the design of certain bridges. Zach group
commander was directed to plan his part in the operation.6

On 4 March the XVI Corps was officially designated to make the army
crossing. The target date was set as 31 March. This was later revised
to 24 Merch, significantly shortening available preparation time.

The crossing.--At 0200, 24 March 1945, the XVI Corps attacked across

vhe Rhine River, with the 30th and T9th Infantry Divisions abreast, to
establish the Ninth Ammy bridgehead on the east bagk of the river. Within
foﬁr hours the assault elements of each division were across the river.
Ferrying operations were started early that morning using primarily Navy
lighterage.

Bridge construction started while the enemy still had observation of
severai crossing sites. However, the XVI Corps rapidly expanded the
bridgehead and both the XIX Corps and XIII Corps passed through to continue

the army attack to the northeast. By mid-April Ninth Army engineers had

Tbid. X

6U. S. Forces, Ninth Army, Zngineer Section, op. cit., Inclosure L.
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constructed & totzal of nine floating bridges and one fixed bridge across
the Rhine River.7 |
A total of 31,120 non-divisional englneer troops took part in the

n
s \ . . . o
Iinth Army Rhine River crossing operation.

Testing the Doctrine

This section shows g test of the doctrine proposed in Chapter V.
It cetermines to what e:ent the netvork analysis system could have been
used by the Ilinth Arry Fngineer to Plen the Thine River crossing. The
folloving pages show a reconstruction of engineer activities as Printed
in the Vorld VWer II reports. The historicai facts are not changéd; the
text accurately reconstructs the everts of Maréh and April 1945, Unfortu-
nztely, no knovn record was found of hor the I'inth Army Zngineer conducied
his plenning. Therefore, the following sequence of rlanning is the thesis
author's interpretation of hov the plen and schedule was produced. The
bast tense is used to Portray this concept. An evaluation of <he doctrine’s

acceptability is made =t the end of the chapter.

Prelirinary Pnase of Planning.--In October 19k, prior to the receipt

of a formal planning directive, the Hinth Army Engineer commehced his
Flenning for the Fhine River crossing. Coordinating with the army G3, he
was told that the crossing would probebly take Plece in December, with
two corps abreast making the assault.

From 2 preliminery estimate of proveble reguirements the army
engineer forecast that the following major tasks had to be completed in

support of the operation:

TIbid., p. 7. Srvid., p. 51.
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(1) Construction of two M2 treadway bridges.

(2) Construction of two 25-ton ponton bridges, reinforced.

(3) Construction of two Class L0 floating Bailey bridges, each with
double landing bays to accommodate mayimum variations in water levels of
twenty-five feet.

(4) Construction of one'semipermanent tvo-way Class 40, one-way
Class TO pile bridge.

(5) Construction of seven antimine and antidebris booms .2

In conjunction with the army G3, the engineer successfully tested
several pieces of amphibious equipment on the Maas River. Other tests
were conducted.in Novembér to develop methods for transporting bulky Navy
lighterage overland.

These preliminary actions resulted in fim logistical .efforts to
procure the equipment that was needed for the operation. However, supply
emphasis changed in Dgcember due to the tactical situation.

’In early February 19&5, having recovered from the effects of the
German's December offense, the Ninth Army was placed under the operational
control of the British Twenty-first Army Group. An exact sector was
assigned fér crossing the Rhine River.lo At this point the army commander
decided to make the crossing with one corps in the initial assault; see
Figure 12. |

Initial Phase of Planning.--Having received a definitive mission,

the army engineer identified his prime objective as that of providing the
boats, ferries and bridges that were necessary to insure the rapid and
safe movement of the army across the Rhine River between Wesel and Orsoy,

.

Germany.

9Ibid., p. T. 10mpid., p. 5.
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Coordinating with the ermy G3, the engineer determined that the
three army corps would probably be abreast on the Rhine River at the time
of the atitack--the XVI Corps in the norfh, XIII Corps in the cehter, and
XIX Corps in the south. However, as noted above, only one would meke an
assault érossing. |

Studying the outline of the tactical plan, the army engineer
established seven supporting objectives to sustain his Prime objective
in the operation. 1In acdition, he outlined the work packages which, in
his mind, related to the supporting objectives. His list of objectives
and work pack;ges are listed below:

(1) Activate and operate engineer bridge parks.

Work paékage: Bridge park operations.

(2) Complete engineer work required on the near shore.

Work package: Road rehabilitation and other near shore pre-
parations.

(3) Conduct a deception operation south of the actual crossing

site.
Vork package: Deception operstion in the XIII Corps zone.
(4) Provide close engineer support to the two assaulting
divisions.
Work packages:
(2) Direct support to first division in assault.
| (b) Direct support to a second division in assault.
(5) Provide engineer general support in the army area on & continuing
basis,

Work package: Maintain roads west of the Rhine River.

(6) Assume responsibility for engineer work along the Rhine River,
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from the XVI Corps Engineer, sometime about D+2.
Work packages?
(2) Consolidate bridge maintenance.
(v) Conduct selvage operations.
(7) Construet additional bridges to move the remainder of the army
across the river.
Work packages:
(a) Construet additionsl float bridges, ferries and booms.
(b) Construct a fixed bridge.

Concurrently with the develovment of the detailed requirements, army
engineer staff 5fficers gathered intelligence data Pertaining to the
enemy, weather conditions, and the terrain along the river. Hydrographic
data was also obtained. |

Engineef supply officers followed up on requisitions for critical
materiel.

In November 1944, a special stream crossing school was established
at the Maas River to train personnel in the type operations that would be
conducted along the Rhine. This school was operated until March 1945,
except for a disruption during the Battle of the Bulge.ll

The army engineer made continuous estimates to periodically update
his concept of how the engineer operation was to be conducted. On
190 February an army letter of instructions was issued to XVI Corps which
included directions for the corps to complete its plan for crossing the
Rhine.? The letter included plamning guidance pertaining to the avail-
ability of Class iV supplies, traffic Planning, sites for construction of

bridges, and time restrictions placed on the Planning.

1%2929-: r. 12, 12Ibid., Inclosure 2.
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The XIII Corps was instructed to plan a diversionary operation
along the river to the south of the XVI Corps. A mock buildup of equip-
meﬁt was to be prepared. The intent was to make the Germans believe that
the main army crossing would be in the zone of the XTIT Corps.l3

Preparetion Phase of Planning.--While the corps developed their plans

the Ninth Army Engineer continued to develop his detailed Plans. He
visualized the tasks that had to be accomplished in support of each work
Pacikage. These tasks were then sequenced and listed in tabuler form as
shown in Table 8. In addition, Figure 12 shows a'sketch of the proposed
operations area,

Next, ‘the army engineer drew a network diagram to represent his
concept of the operation. The model is shown in Figure 13. It shows
those tasks that were to be completed by non-divisional engineer units
in support of the army during the river crossing operation. The model
Provided a tool for the engineer to study the interactions between the
activities and the key milestones., It did not depict numerous minor
tasks that would 2lso be completed by subordinate unité in support of the

major tasks.

The model shown in Figure 13 has some distinctly different character-

| istics from those of the model in Figure 9, Chapter V. For example, a

critical path of activity was not computed for Figure 13 simply because
the length of the operation had been established by the tactical plannérs.
Event 1 et D-10 was set as ‘the earliest practicable date that bridge parks
could be opened behind the river line. In addition, event 9, D-day,
H-hour, was set as 0200, 24 March 1945, Also, event 28, D+2, 0600, was

the earliest probable time that the corps would have advanced sufficiently

13mia., p. 55.
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to the east so that the engineer work a2long the Fhine could be turned
over to the army engineer. Finally, event 38, D+30, was the earliest
probaﬁle time that the Advance Section Engineer could teke over all engineer
wvork along, and to the west of, the Rhine River. Therefore, events 1, 9,
28 and 38 were established as key milestones. Many of the activities were
either started or completed when these key milestones occurred.

Figure 13 is also unique because with such rigid milestones there
was no slack time on the paths of the network diagram. Some activities
were not only started by the tactical seqguence but were continued until
their discontinuance was permitted by the course of the battle. A good
example of this &as the task of road rehabilitetion.

Next in the planning sequence the army engineer allocated available
engineer smaller units to the nine combat engineer group headquarters
under army control. To do this the engineer redrew the network model by
orienting it with both a horizontal time scale and a vertical unit scale.
activities were alloted to specific headquarters by considering the
required times of execution, mutual locations, and -the magnitudes of the
tasks. The final time-scaled network is shown in Figure 1L.

Using Figure 1k, the engineer identified those unit resources that
were required by each engineer group. By sunming resource requirements
vertically, and using the data shown in Table 8, the engineer determined
how many of each type unit was negded for each group mission. He also
determined the total number of each type unit required for the entire
opefation. The units not already in the theater were immediately
requisitioned; these companies and battalions arrived in sufficient time
to play important roles in the operation. Had insufficient time been

available, the network model would have been modified to provide the most

+
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equiteble concept of troop ermployment.

The final network model shows that the bulk of the units were
required betweeﬁ D=10 and D+10. 'Therefore, as the corps advanced east-
werd the 11534 and 11034 Engineer Combat Groups were to remain attached
to the corps with the army engineer retaining sufficient resources to
accomplish the reéuired engineer work.

On 25 February 1945 the arry engineer had firmed up his »lans
sufliciently to issue a letter of instructions to the five engineer groups
unéer his control.ld

The army engineer encouraged his corps engineers and the group com-
manders to use the network analysis system in Planning and scheduling
their detailed projects. Ietworks were prepared by'thbse subordinates and
compared with {the master network maintained by the arny engineer. Required
adjustments were made to the subordinate plans to make then compatible
with the master plan.

Subsequently, the army engineer comnleted the last three Phases of
his planning--the approval, publicatioq,and execution phases. All pre-
H-hour requirements were completed as planned and %he deliberate river-
crossing was started on schedule.

As the operation progressed the engineer used the network model to
compare scheduled event occurrences with actual times. When project
completion times lagged the engineer transferred resources from elsewhere
in the sector to augment work in critical areas. The network model helped
the field army engineer to maintain a good perspective of the engineer

situation throughout the operation.

15y, S., Forces, Ninth Army, Engineer Section, op. cit., Inclosure k.
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Analysis of the Text

The preceding section generally described the magnitude of the ammy
engineer‘é Planning and operations during the Ninth Army Rhine River
crossing of March 1945. The planning sequence proposed in Chapter V wes
used here to develop 2 detailed concept for conducting the engineer work.
The tasks listed in the model were actually accomplished in the sequence
described. -

The tactical plan placed certain restraints upon the army engineer.
Consequently, his plan was not so flexible as would be expected of a plan
outlined by the’networking technique. The timing for the engineer work
was fairly well described by the key milestones. As a resulit, the length
of the overall operation was fixed. There was no such entity as a
critical time path, that might be shortened by applying additional
resources. Likewise, there was no slack time available on any of the time
paths to permit flexibility in scheduling task execution. This phenomenon
will be characteristic of any network model which integrates combat support
with a time-phased tactical plan.

Lecking scheduling flexibility, the army engineer was unable to use
the network analysis system to either reduce the total length of the pro-

Jject or to make some savings in total resources. However, there were

 some distinet advantages accrued from using the planning tool.

First, the rigorous planning discipline established by the doctrine
caused the army engineer to take a very detailed, logical, and accurate
approach in his planning work. His planning progressed from a general
analysis of requirements to a detailed investigation of the specific tasks
that had to be completed. Even so, the army engineer did not become too

engrossed in the minutiae of planning. He left the preparation of detailed
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sub-networks to those engineers who would be responsible for executing
the actuzl tesks.

The second advantage gained by using the networking technique was
atvained frcm the model itself. In drewing the rmodel the engineer
developed a good persrective of the overall plan of action. All the
engineer requirerents were disrlayed on one easily comprehencded Giagram.
This sketch, supplermented by data in tabular form, was an outline for
subseéuent Planning ané scheduling. Tracing the outline plan From
event 1 through the final event, the engineer satisfied himself that
his plen was basically sound.

A thiré adventage in using the technique was attained from the
developrment of a time-phased network. This diagram, with the tebular
daté, sumarized the requirements for unit resources and was the basis
for requisitioning unit shortages.

A fourth acvantage was gained in using the network model format.

It was a useful work sheet for grouping the major tasks by both time and
geographical locatioﬁ. Therefore, group task organizations were most
advantageously tailored to meet the projected requirements.

As a fifth advantage, the network model indicated when, whet, and
where resources would probably become available for reassignment during
the operation. The army engineer could forecast his requirements for
units on the river line after the corps rear boundary was advanced to
the east of the river.

Lastly, the network analysis system offered the army engineer a tool
to stimulate coordinated planning action. His master network was avail-

eble for subordinates to use as & basis for their ovn planning. As time

progressed nevly arriveé personnel, liaison officers, and visitors were
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briefed by using the network model.

Modification of +the Doctrine

Chapter VI has developed and analyzed the use of the netiwork analysis
system in planning engineer supporf Tor a major tactical operation. The
ezample highlighied the fact that in engineer combat support operations
the length of the required support is closely tied to the time-phased
tactical plan. Therefore, a network diagrem wvhich represents such a plan
will probebly not have a critical time path. In addition, little or no
Tlexibility may exist'for scheduling the majpr engineer tasks. Instead,
the engineer scpedule will be synchronized with the maneuver units being
supﬁorted;

Opposed to this application of network modeling is the use of the
system vhich vas described in Chapter V. In that chapter the technique
was applied in a more conventional menner, where the tactical situation
did not directly affect the length of the engineer operation. Hence, two
general con&itions have been identified which describe unique applications
of the hetworking system~--engineer combat support of time phased tactical
operafions, and engineer combat service support in the field army area.

The doctrine proposed in Chapter V must be modified slightly to
accommolate this two-fold use of the technique. Under the paragrarh

titled, Preparation Phase of Planning, the following statement must be

added to the instructions for computing a critical network path:

"When the planned engineer tasks must be synchronized with a tactical
operation the duration of the engineer effort will probebly be set by the
battle plan. Unavoidable time gaps will occur on many of the time-paths
in the network. It will be impossible to calculate 2 time-length for each
path. Therefore, it will be infeasible to identify a critical path. Under
these conditions comply with guidance outlined below but ignore all refer-
ences to a critical path or slack time."




146
Suming Up

This chapter has explored the feasibility of using the network
analysis system to plan engineer effort required in support of a major
field army operation. In retrospect, the test brought to light the_fact
that the tactical plan may often affect the timing established for the
execution of the engineer surport role. However, several advantages
‘seered 1o acerue when the field arry engineer used the networking
technique in planning. This tool of planning led him through a rather
detailed analysis of the required support. He developed a good perspec-
tive of the overall operation. Scheduling was an easier job. Task
organizations were realistically established by tailoring the composition
of the engineer groups to accomplish specific missions. In general, he
had a rlanning tool which guided his thought processes through the most
difficult phase of planning--the developmént of workable procedures for
executing the engineer mission. The plenning doctrine assisted him not
only in determining how to accomplish his work but also furnished a
graphical representation of that plan.

The proposed doctrine, with a minor modification, had convincing
arplication when used to plan the river-crossing operation. However, it
was only one of the tools used by the engineer to complete his plans. It
did not, nor does it propose to, stand alone as a complete answer to all
planning requirements. Rather, the network analysis system helped the
arny engineer to draw in all the unique aspects of the total planning
effort. His engineer estimates, terrain studies, troop lists, planning
directives, bar-graph schedule,and operations order all contributed to the
development of a complete plan. The model offered him an index and a focal

point to guide and integrate all planning activity.
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Since it is applicable in planning a river-crossing operation, the
network analysis system should likewise be useful in planning other types
of coribat engineer support; the following are representztive of other
suitzble uses:

(1) Engineer support in amphibious operations.

(2) Participation by engineers in the assault of a rajor fortified
area.,

(3) Engineer support in the resumption of the attack follcwing a
pauvse in offensive operations.

(L) Engineer assistance in preparing a major defensive position.

If he is to provide adequate and timely engineer combat support to the
field army, the engineer must maintain a good perspeciive of the total
engineer requirement. The network analysis systenm equips him with this

capability.




CHAPTER VII

SUMMARY

The field army engineer is required to perform significant combat
support ané combat service support missions in the army service area.
Eis personal job is generally one of planping, organizing, directing, and
coordinating the overall engineer effor:. The scope of his overations
is characterized by centralized planning and decentralized execution.
His combat suppdrt activities evolve around the close support of the
corps both in offense and defense. One of his biggest missions is to
support major river-crossing operations. The army engineer's combat
service support tasks include road construction, fixed bridge construction,
construction of air-landing facilities and, when necessary, port rehabili-
tation and railroad construction.

A general sequence for planning is described in Army literature
to guide the engineer in his Planning. For the most part the doctrine
offers a comprehensive procedure for conducting detailed planning. How-
ever, there appears to be a theoretical gap in the planning sequence.
Only scant guidance is offered to assist the engineer in determining how
to accomplish his work.

In the past eight years the pilitary and civilian industry have
developed a new approach to planning called the network enalysis system.

Army doctrine states in Field Manual 5-162,1 that the network analysis

1. s., Department of the Army, Engineer Construction and Construction-

Support Units, FM 5-162 (Washington: U. S. Govermment Printing Office,
August 1962), p. 13-8.
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system is an accerteble approach to analyzing, planning, and scheduling
construction projects. This paper has endeavored to expand this theory
from a simple principle into a doctrine for the appliecation of the net-
work analysis system in operational planning by the field srry engineer.

The proposed doctrine applies the network technique to eixpand that
part of planning which deals with the task of visualizing how a project
will be completed. The system provides a means for developing a mission
statement into a methodology and outline schedule of the proposed opera-
tion.

The doctrine forces the army engineer to conduct detailed planning
in order to prepare a graphicel representation of the proposed work
sequence. The model is a result of a logical and consistent approach to
planning. On one planning document, it gives the engineer a thorough
perspective of the overall plan.

This paper has developed two of the three significant aspects of
the network analysis system. The first was Jjust mentionéd--the develop-
ment of a model of the proposed plan of work. The -second aspect is the
evaluation and adjustment of the model to provide reasonable assurance
thet, if the plan is followed, the prime objective will be achieved.

The third aspect, which pertains to the use of the model to control
project execution, was only briefly discussed. This aspect was not
discussed at length because the functions of project direction and con-
trol were beyond the scope of this paper.

Cost analysis and cost control was discussed at length in Chapter I.
However, the doctrine does not incorporate the aspects of cost for good
reasons. In the theater of operations combat engineeré are not concerned

with resource costs in terms of money. Rather, they strive for resource
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econony in terms of units, equipment, and materials. Economy is stressed
in most engineer activities, being secondary in irportance only to
providing a degree of assurance that the mission will be accomplished.

As mentioned above, the army engineer is concerned with both combat
and combat service type support. Conseguently, this paper has distinguished
one from the other, and proposes slightly different approaches to network
analysis in each case. In Chapter V & sample planning problem described
how the army engineer could improve his technique fbr planning combat
service éupport by using the proposed doctrine. In contrast with fhis
construction-type support behind the battie area, Chapter VI assessed
the faecility of‘the doctrine to improve long-rangé planning for a combat
support operation. In this latter type of planning the army engineer is
not so much interested in saving overall time as insuring that adequate
and timely resources are provided to sccomplish each engineer task.

The proposed doctrine expands but does not displace current Army
planning doctriﬁe.' It aims to bridge the gap vhich seems to exist in
Army planning between the development qf an approved course of action
and the creation of a scheduled plan of action.

No comparison has been drawn between the proposed doctrine and
methods which have been in use in the field. Certainly, most engineers
use some procedure, perhaps a self-developed technique, to sequence and
schedule work. However, no known doctrine has universally been accepted.
In light of this fact, this paper proposes the establishment of a standard
doctrine.

The network analysis system is a logical way to accomplish the task
of.transposing & concept of operations into a detailed and scheduled plan

for executing an assigned engineer mission. It can be used to assimilate
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2 largé number of interrelated facts and requirements to produce an
orderly procecure for executing a mission. It graphicélly portrays
conventional planning ané emrphasizes the processes of centrzlized con-
trol and decentralized execution. The graphical technigue uses an
easily understood set of conventions. The sketches can be a useful
supplement to ergineer plans much in the same menner that an operation
overley clarifies a tactical plan. A few simple sketches can signifi-
cently reduce the verbage required to cescribe a concept of operations.

The proposed doctrine will be of value to the army‘engineer and
his planning s?aff vhenever they are confronted with the task of plan-
ning a rmultitude of interrelated tasks, have a limitation on available
resources, nmust nmeet an imposed project completion date, or must plan
a combat support mission in synchronization with a time-phased tactical
plan.

In conclusion, it is recommended that the proposed doectrine bé
tested in the field. The network analysis system has proven to be
of significant value in planning construction projects in the United
States. This paper has attempted to relate how this planning tool can
likewise be a distinct asset to the field army engineer. Field testing
should cormence without delay and subsequently lead to the publication

of revised Ammy planning doctrine.




APPENDIX A

MECHANICS OF NETWORK CONSTRUCTION
General.--The network model for a project should be prepared by a
planning group that is familiar with the concept of the operation, as
well as familiar with the techniques of networking. In addition, the
contributions of operating personnel vili aid planners considerably in
the early stages of task identification and estimating.

Step 1: Define the prime objective.-~The first step in network

construction is to define the prime obJjective of the work to be accom-
plished. The prime objective identifies the mission toward which all
planning is directed. For example, in military planning, the objective
mey be a restatement by the commander of the mission to be accomplished.
This goal must be carefully selected and clearly stated.

Step 2: Identify supporting objectives.--The second step in network

construction is to identify the supporting objectives that must be
attained in order to reach the prime objective. The planner must have a
good grasp of the concept of the proposed operation so’that he is able
to visualize and subdivide the major steps to be accomplished. Normally
a supporting objective can be identified with each major step in the
proposed work. In constructing a building, the supporting objectives
might include the following: Completion of the earthwork, construction
of the foundation, completion of the building shell, completion of the
interior, and final inspection. The supporting objectives for a project

may relate to equipment, services, facilities, decisions or completion of
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data preparation.l Together, these supporting'objectives outline a
general concept of how much work must be done to accomplish the prime
objective. This planning technique provides for planning from the top
down. It increases‘the Probability that the overall program will be
totally integrated and that each subdivision of work relates to the
2

project as a whole.

Step 3: Identify work packages.--At this point in the planning the

major steps to be accomplished must be expanded to show the units of
work required to attain each supporting objective. These units are
called work packages because they normally relate to a work force, or
supervisor in‘éhe proposed organization who will be responsible to
accomplish the work. Work packages are associated with the skills and
 groupments of work required to complete each ma jor step of the project.
For exampie, in constructing a building the work packages associated_with
Preparing the foundation might include the following items: Tormwork,
concrete work’and inspection.

Step 4: Select the detailed tasks (activities) to be accomplished

in each work package.--Planning has now progressed to the point where one
or more work packages have been identified with each major étep in the
Proposed project. Next, the ylanner must identify all the tasks that
will bebaccomplished within each work package. In this step there is
no substitute for careful and deliberate thought. The entire project

must be visualized from start to finish. Experienced personnel should

1y, S., Government, PERT Coordinating Group, PERT Guide for Manage-
ment Use (Washington: U. S. Government Printing Office, June 1963),
P. 13.

2Ibid. |
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be called upon to help the planner.

Step 5: Select the events to be accomplished.--The tasks (activi-

ties) are the time consuming elements in the network model to be constructed.
Each activity must be limited by definable accomplishments in the project,
which are called the project events. As noted in Chapter I, an event is

a milestone in the project--a clearly identifiable point in time to mark

the start or completion of a specific task. In simple networks, events

can often be identified by number only. - However, key events are often
identified to mark the completion of each work package or major part of

the project. This step is completed by the proper identification of an
event to start and complete each activity.

Step 6: Sequence activities and events.--In visualizing the proposed

work, the planner may be able to group certain activities which logically
-either start or are completed by a specific event. This technique is
the start of the sequencing procedure. The objective of this step in
the plenning is to unfold the multitude of relationships and interdepen-
dencies that will exist between the activities. A good method to use in
sequencing activities is to start with the end event and work backward to
the Starting event.

Three questions must be asked of each activity thet is considered
for use in the network:

(1) vwnet task (activity) must immediately precede this one?

(2) Wnet tasks (activities) may be accomplished at the same time?

(3) What tesks (activities) will immediately follow this one?3

To test each event, evaluate it by asking the following questions:

3u. s. Sayer, J. E. Kelly, Jr. and M. R. Walker, "Critical Path
Scheduling,"” Factory, July 1960, p. T6.
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(1) Does the event define the beginning or end ppint of an activity
or group of activities? If so what?

(2) 1Is the event, particularly key events, completely described?

(3) What activity or activities ﬁrecede the event?

(4) What activity or activities follow the event?

The events that survive this close serutiny will contribute materially
in the network model.,

The planner should: Vigorously review each activity and event in
the manner noted above; develop an exact list of sequenced activities and
their related events; mmber each event for ease of identification and
likewise, letter each activity; group the activities by work package
undef each major step in the proposed work, and finally, check to confirm
 that each project supporting objective and the project prime objective
are identified by a numbefed key event. These key events can be used by
the project management to check progress during actual execution.

Step 7: Iay out the network diagram.--Several types of graphical

drawing aids will serve equally well in laying out the diagram.

lay out the circles on the work board, properly numbered to represent
each event, Place the first event on the far left and the final event
on the far right. Apply the remaining events in between these two by
ranking them vertically according to the work packages previoﬁsly identi-
fied. At the same time rank the events horizontally according io the
majqr project steps and activities' sequence previously developed. Do
not put a date séale on the horizontal axis in order to avoid possible
bias in subsequent time estimates. At the completion of this step the
diagram is-simply & groupment of numbered circles. If room permits, the

network will be more easily understood if the meaning of the key events



156
are written inside their respective circles.
Next, carefully connect the events with arrows to represent the
network activities in the system. Utilize the previous lists that were
develored to show event and activity sequences.

Rules of logic for network construction.--Certain rules of logic

are prescribed for comnnecting events with activities. Figure 15 eclarifies
some of the most important rules as cited in the following list:

(l) Each activity must take place independently of &ll others.

(2) Each activity is constrained by two events, one at each end.

(3) An activity may not start until its preceding event has
occurred. '

(4) An event may not occur until all activities leading into the
event have been completed. |

(5) An event must be unique; it may not appear elsevhere in the
network.

(6) No activity may go backwards in time; ﬁor may there be any
looping in the net.

(1) a dummy ectivity is used in the network for two purposes:

(a) To show dependency of one event upon another.

(b) To tie the end of one or more activities to the beginning
of & single activity.
A dumy sctivity shows that its Preceding event must occur before its

succeeding event happens.h 56

hRemington Rend Univac Corporation, Military Department, Fundamentals
of Network Planning and Analysis (St. Paul: Remington Rand Univae,
January 1962), p. 15.

U. S., Govermment, PERT Coordinating Group, op. cit., p. 19.

éu. S., Department of the Air Force, Systems Command, "PERT-Time
System Description Manuel," Volume 1, September 1962, p. ITI-2.
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SAMPLE NETWORK DIAGRAM

CLARIFICATION OF RULES
(1) Activity A is constrained by events 1 and 2.
(2) Activities A, B,and C occur concurrently but are independent
of one another. The time required for each one has no bearing upon the

others.

(3) Activity D cannot start until activity A is completed and’
event 2 has occurred.

(h) Event 7 cannot occur until both activities F and G are com-
pleted.

(5) Activity E is a dummy activity; it shows that zetivity G is
- dependent upon activity B, and that event 3 must occur before event 6

occurs.

e agys, 105

Fig. 15.--Sample network diagram.
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Summary.--The sequence of steps outlined above idéntifies the
methodology for constructing a network model. The procedure forces the
Planner to proceed from the general to the specific and tends to keep
his planning directed toward the accomplishment of the prime objective.
The sequence of steps causes the planner to use a good dezl of foresight
and prudence as he lays out a procedure for accomplishing the prime
objective.

His completed network model shows the interdependencies of <the
activities and events. The diagram does not indicate time requirements.

The next general step in the network analysis system is to apply
resources to the diagram for accomplishing each activity. Subsequently,
time estimates are prepared in accordance with some specific technique,
such as PERT or CPM. Finally, if applicable to the analysis, the network
can be oriented to a horizontal time scale to aid the planner in scheduiing
the project.

By no means will the first network diagram necessarily resemble
the final network. A network diagram undergoes constant revision from

its ineception until the final objective is realized.

IR S
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APPENDIX B

PERT TIIE SYSTEM THEORY

Caleculation of the Statistically Expected Time

Time estinates.--PERT uses three time estimates as the basic method .

for estimating the expected time to complete an activity--the optimistic,
the most likely, and the pessimistic. These times are described as
follows:

"(1) Optimistic time estirete (symbol a). The time in vhich the
activity can be completed if everything goes exceptionally well. It is
estimated that an activity would have no more than one chance in a
hundred of being completed within this time.

"(2) Most iikely time estimate (symbol m). The most realistic
estimate of the time an activity might consume. This time would be
expected to occur most often if the activity could be. repeated numerous
times under similar circumstances.

"(3) Pessimistic time estimate (symbol b). An estimate of the
longest time an activity would require under the most adverse condi‘tibns R
barring acts of God."!

PERT Time assumes that the "most likely time" represents the pesk value

of & probability distribution, best described by the Beta distribution.2

1y, s. ) Départment of the Air Force, Systems Command, "PERT-Time
System Deseription Manual," Volume 1, September 1963, p. II-6.

2Robert W. Miller, "How to Plan and Control With PERT," Harvard
Business Review, March-April 1962, p. 103.
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This i; not statistically correct because the mode of a set of measure-
ments will rarely equal the mean of the set; however, PZRT Time accepts
this incongruity. The concept assumes that the distribution of activity
times will have but one peek, and the peak is the most ¢1kelyvtime for

conpletion. Figure 16 represents this theory.

Start of :
Activity Time to finish

Optimustic  Likely Midrange Pessumistic
o m M b

Probability

v
»

t -E(apsed time

Fig. 16.--Beta distribution of probable times.3
In Figure 16:

(1) Then, te

1/3(2m + M) = The expected time.
1/3(%m * 222)

L}

a+lm+b
ar Aol

3u. s S., Army, The Engineer School, "Student Notes, Network Analysis
System," Fort Belvoir, 1963, P. 22.
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(2) Also, Q = The standard deviation of the expected time.

= b-a

6 ,
(3) &nd, U = The variance of the expected time.t

- (2

In the first equation te is shown as the weighted mean of m and M,
with weights of 2 and 1 respectively. In the figure, te is located one-
third of thé wvay from point m toward point H; te divides the area under
the Beta curve into two equal parts. The point te represents the 50
percent probebility point of the distribution.

In.the seﬁond equation O provides a measure of thé @ispersion of the
expected values of time.

In the third equation the symbol (T'zis defined as the expected
value of the square of the standard deviation of the random variable
time, t. This expression is used below to calculate the probability of

neeting a scheduled event time.

Probability of Meeting a Scheduled Event Time

Concept.--The Central Limit Theorem5 6

provides the basis for esti=-
mating the probability of meeting an expected project time (or any event

time). The probability distribution of times for completing a network

hMiller, loc. cit.

Robert Hooke, Introduction to Scientifie Inference (San Francisco:
Holden-Day, Inc., 1963). ihe Central Limit Theorem states that with
very weak restrictions, the sum of large numbers of random variables,
vhatever be the distribution, tends to be normally distributed. In the
case at hand, the expected times of the activities along any path of a net-
work are considered as a group of random variables. , p. 35.

6Rarold Cramer, Mathematical Methods of Statistics (Princeton:
Princeton University Press, 1951), p. 21k.
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event 1s approximated by the normal distribution. This approximation ‘
becomes more correct when a large number of activities have been com-
Pleted prior to the scheduled event time, and in the same network path.

Figure 17 shows this relationship.

' Ts = Any Scheduled Time

Fig, 17.--Normal distribution of expected event times.

In Figure 17:

(l) TE = the sum of the expected times of the activities to the
left and in the path of the event being studied. TE is the expected
event completion time. If the event being studied‘is the project com-
pletion time, then in this case, Ty equals the sum of the expected
times along the critical path of the network.

(2) Gﬁ;'= the square root of the variance of the expected com-
pletion time.

(3) eang,

GT%E = the sum of the variances for each activity to the
left and in the path of the event being studied.
= the variance of the expected completion time for the

event.

%
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Probability.--The probability of meeting the scheduled completion
time, Tg, is defined as the ratio of the area under the curve, Figure 17,
to the left of the time Tg, to the area under the entire curve.
An application of the use of this procedure to calculate the

probability of meeting scheduled cdates is presented in Chapter II.



APPENDIX C

THE ENGINEER ESTIMATE CF THE SITUATION

1. MISSIOH.

2. SITUATION AND COURSES OF ACTION.

S

b.

Ce

Obstacles to be overcome.

(1) Time. |

(2) Material.

(3) Equipment.

(4) Personnel,

(5) Weather.

(6) Adverse terrain at or near the work site.

(7) Enemy interference.

(8) Other difficulties inherent in the situation.
Means available.

(1) Personnel.

(2) Material.

(3) EBquipment.

(4) Agdditional personnel - POWs, civiliens, U. S. Forces.
Ovn courses of action.

(l) Prepare two or more feasible courses of action.
(2) Consider assigmment of work by area and /or task.

(3) Tailor subordinate units for this specific mission.

3. ANALYSIS OF OPPOSING COURSES OF ACTION,

8.

Weigh each course of action against all obstacles to determine

164
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the strength and weaknesses inherent in each course of action.

b. Visualize both the risk and the degree 6f success antici-
pated from each course of action.

c. The advantages and disadvantages of each course of action
should emerge from this analysis.

k, COPARISON OF OWN COURSES OF ACTION,

a. Compare each course of action in terms of the meaningful
edventages and disadvantages which emerged during the enalysis in para-
graph 3 above,

b. Select the most suitable course of action.

5. RECOMMENDATION,
iy describe.the course of action selected., Prepare a

statement showing who, what, where, when, how, and vhy as appropriate.l

1From the author's class notes, made at the U. S. Army Zngineer

School, subject: "Fundamentals of Commend and Staff, The Engineer
Estimate of the Situation," A, 113-T7, 7 February 1961.
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